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SOCIETY OF FORESTERS OF GREAT BRITAIN 


THIS $oc1ETY was formed at Aberdeen in 1925 and adopted its first Constitution 
at Oxford in 1926. This has been modified several times and the present Constitu- 
tion became operative from 25th September 1958. 


The object of the Society is to advance and spread in Great Britain the know- 
ledge of technical forestry in all its aspects. It is intended that the Society 
should be representative of the profession. Those not engaged in the practice 
of forestry or the allied sciences are cordially invited to join as Ordinary Members. 


The activities include the publication of the journal, the holding of meetings, 
conferences, and excursions, and the awarding of a medal. 


THE SOCIETY'S soURNAL, called Forestry, is published twice a year, in May 
and November. It provides a means for the publication of the results of prac- 
tice and research both in the growing of timber and in its utilization, including 
such basic sciences as forest physiology and ecology, forest soils, wood structure, 
and timber physics, and allied sciences such as forest entomology and forest 
mycology. 

CONTRIBUTIONS may be accepted from members and others resident either in 
Great Britain or abroad. They should be sent to R. W. V. Palmer, Banner- 
leigh, Leigh Woods, Bristol. No article should be submitted which is being 
offered to any other journal for prior or simultaneous publication. Plates, figures, 
and tables should be used sparingly and their proportions designed to suit page 
dimensions, preferably, but not necessarily, for upright reading. Figures should 
be drawn large in black ink, preferably on Bristol board, and so as to allow ap- 
preciable reduction to page width without loss of clarity in the smaller details. 
Marginal lettering is best inserted in pencil. If graph coordinates are to be 
reproduced, graph paper with blue lines must be avoided. References to literature 
should be collected at the end of the paper, and arranged alphabetically according 
to author’s name, and year published. In the text each reference should be in- 
dicated by name, with year in brackets. Each article should begin with a summary 
which should be factual and convey briefly the content of the article and draw 
attention to all new information and to the main conclusions. It should be 
concise and should not normally exceed 200 words. It is understood that the 
author waives any copyright or translation rights in such summaries and that 
their reproduction in other publications will be permitted, subject to the source 
being duly acknowledged. Twenty reprints of the article will be sent free to each 
contributor and a reasonable number may be purchased by the contributor if 
ordered when the proofs are returned. The Society as a body takes no responsi- 
bility for the views expressed by contributors. 


Forestry is sent free to members of the Society; others may register as sub- 
scribers through the usual trade channels, or by application to the Secretary. 
The subscription is 40s. per annum. Single issues 25s. post free. 


SOCIETY'S MEDAL. This may be awarded by the Society to any individual who has 
rendered eminent services to British forestry. Proposals for the award have to 
be made in the first instance to the Council by a Member of the Council. The 
regulations for the award will be found in Vol. xx, pp. 80, 81, and in Rule 11. 
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MEMBERSHIP is divided into the following four classes, all of whom are entitled 
to vote at meetings of the Society. 


FELLOWS: Subjects of the British Crown fulfilling all four of the following 
requirements: (1) A degree or diploma in forestry, &c. (2) Five years of 
practical experience in forestry, &c. (3) Having been a Professional Associate 
for 5 years. (4) Having had a thesis or published article approved by the 
Council. Annual subscription £2. 25. od. 


PROFESSIONAL associaTes: Subjects of the British Crown fulfilling any one of 
the following requirements: (1) A degree or diploma in forestry, &c. (2) 
Having made important contributions to forestry, &c. (3) Considered by 
the Council to occupy a post normally held by a holder of a university degree 
in forestry. Annual subscription {1. 15s. od. (Sixth et seg. £2. 25. od.) 


PROFESSIONAL MEMBERS: Subjects of the British Crown resident in Great 
Britain, engaged whole time in forestry but not eligible for above classes. 
Annual subscription £1. 15. od. 


ORDINARY MEMBERS: Persons or corporate bodies not eligible for any of above 
classes. Annual subscription £2. 2s. od. 


Fuller details of qualifications may be obtained from the Secretary. 


THE couNcIL. The affairs of the Society are managed by a Council which 
shall consist of the President, Vice-President, the immediate Past President, 
Editor and Business Editor, all ex officits, together with ten other members 
of whom five shall be Fellows, three Professional Associates, one a Professional 
Member and one an Ordinary Member. Office bearers and Councillors are 
selected by written nomination and postal ballot. 


LIST OF OFFICE BEARERS 1959-60 AND COUNCILLORS 1959-61 


President: PROFESSOR SIR HARRY CHAMPION, C.I.E., M.A., D.8c., Im- 
perial Forestry Institute, Oxford. 


Vice-President: SIR HENRY BERESFORD-PEIRSE, BT., C.B., B.A., B.SC., Deputy 
Director-General, Forestry Commission. 


Editor: R. W. V. PALMER, B.A., Bannerleigh, Leigh Woods, Bristol. 


Business Editor: H. L. EDLIN, B.Sc., Forestry Commission, 25 Savile Row, 
London, W.1. Tel. recent 0221. 


Secretary and Treasurer: ®. A. GALLOWAY, 0.B.E., M.C., B.8C., Solicitor, 7 Albyn 
Place, Edinburgh, 2. Tel. car. 7402. 


Auditor: D. L. FERGUSON, 11 Carlton Terrace, Edinburgh, 7. 


Councillors: retire in 1960 but eligible for re-election, }. R. THOM, J. MAXWELL 
MACDONALD, C. W. SCOTT, M. J. PENISTAN, N. D. G. JAMES (a// Fellows), and £. c. MOBBS 
(Fellow co-opted by Council); retire in 1961 but eligible for re-election, T. V. DENT, 
J. Je MACGREGOR, and A. B. L. MUNRO-FERGUSON (Professional Associates), P. A. 
HuTT (Professional Member), and G. 8. H. PALMER (Ordinary Member). 
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DANARM RSE MARK Il 


A super lightweight gear reduction 
TWO-MAN SAW 3’ 3” or 4 1” 
blade—or a heavy duty gear reduc- 
tion ONE-MAN SAW 2’ 6” or 
3’ 3” blade 


TWO-MAN 


The R8F 2-Man Saw, fitted with 4” pitch chipper 
chain, is the fastest cutting and lightest 2-man 
saw in the world. Driven by the specially de- 
veloped Villiers 8F engine, exclusive to Danarm, 
this saw has a reduction gear in the abutment to 
step up the already phenomenal power. The gear 
housing is solid and substantial and there is a 
robust sprocket guard. Twin sprockets enable the 
chain to be fitted either at dead centre for per- 
fectly balanced cross-cutting, or right at the side 
for very low felling. The special diaphragm car- 
burettor enables the saw to be used at any angle, 
and is fully protected against mud, snow, or dust 
ONE-MAN 

Basically the same saw as the R8F 2-Man Madel, 
the One-Man Model is light enough to be handled 
easily by a single operator—and so powerful that it 
enables him to cope with really tough felling and 
cross-cutting jobs on his own. When labour is 
at a premium, use the R8F One-Man. It will 
never let you down. 


ALL DANARM SAWS ARE ENTIRELY BRITISH — 
NO SPARES PROBLEMS ! 


J. CLUBLEY ARMSTRONG 
DANARM LTD. 


Abford House, Wilton Road, London, S.W.1 
Tel.: TATe Gallery 0821. Telex No. 94434 London 
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THE 
COMMONWEALTH FORESTRY BUREAU 
OXFORD, ENGLAND 


This branch of the Commonwealth Agricultural Bureaux, set 
up by the Governments of the British Commonwealth, operates 
as a centre for the collection and dissemination of information 
on forestry—not only forest botany and ecology, silviculture, 
protection, survey and management, but also logging and 
utilization, economics, administration, policy and influences. 


FORESTRY ABSTRACTS 


These survey current world literature on forestry every three months, 
abstracting regularly from nearly 550 periodicals and more than 800 serial 
publications, bulletins, &c., as well as a large number of miscellaneous 
and irregular publications. Literature in about 30 languages is ordinarily 
dealt with. Each issue normally includes a comprehensive review of the 
literature on some particular subject and news items from all over the 
world. Annual subscription, for the four numbers of a volume (plus 
annual index), is 70s. post free, payable in sterling or dollars. 


Guide to the use of Forestry Abstracts 


An essential adjunct to the Abstracts, with a key to the full names and 
addresses of publications noticed and many other aids. A second edition 
revised and enlarged, in 4 languages. Price 10s. 


The Oxford System of Decimal Classification 
for Forestry 


The definitive English text as approved by the International Union of 
Forest Research Organizations and FAO for adoption by member countries. 
Price ros. 


Occasional Publications and Reprints of Review 
Articles 


List on request direct from 
COMMONWEALTH AGRICULTURAL BUREAUX, 
CENTRAL SALES BRANCH, 
FARNHAM ROYAL, BUCKS., ENGLAND 


to whom all correspondence regarding publications should be addressed. 
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PLANTING & DRAINING 
TOOLS 
FOR ESTATES AND FORESTS 
“eee my 


CRAFTSMAN MADE %& BARBLUESIBRAND x EST. 1840 
[ALSO STOCKISTS OF AXES,"PICKS, MATTOCKS, &c. 
INQUIRIES INVITED FOR ALL FOREST EQUIPMENT 


JAMES DONALD & CO. (BARBLUES) LTD. 


PLAINS + AIRDRIE - SCOTLAND 
TELEPHONE : CALDERCRUIX 218 











If you factor | acre 








or 5,000 acres 


of woodland 
S.W.O.A. CAN HELP YOU 
By encouraging the increased use of home grown timber, the widening of existing 
markets and the establishment of new markets for Scottish timber. 
By liaison with other branches of the home timber industry. 
By representing woodland interests to the Government, the Forestry Commission, 
and the Trade. 
By providing advice on all or any of your woodland management problems from the 
choice of planting site through all phases of silviculture to the ultimate marketing of 
thinnings and mature timber. 
By arranging and supervising all forestry operations by your own or contract labour. 
Regional Offices are situated in Inverness, Turriff, Dunblane, Perth, Edinburgh, and 
Castle-Douglas. 


BUT S.W.O.A. CAN HELP ONLY IF OWNERS JOIN S.W.O.A. 
Full particulars of Ordinary and Associate membership available from 


THE SECRETARY 


SCOTTISH WOODLAND OWNERS ASSOCIATION LTD. 


6 Chester Street, Edinburgh, 3 Tel. CALedonian 1905 
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Dcieeniin or mobile, 


with electric, diesel or 
belt-drive, Cundey de- 
barking machines can 
tackle any job efficiently 
and economically. At 
home anywhere from the 
forest to yard, the Cundey 
machine is the first in its 
field. 


THE GUNDEY  0¢-8a0xie a 
ts really Adaptable / 


@ Will handle all conditions of 
timber, dry or green, rough or 
smooth, thick or thin bark. 


Takes bent timber better than 
any other machine. 


The feed roller cuts the tim- 
ber up to the cutters, rotates 
and moves endways. 


The adjustable feed roller is 
moved vertically by a simple 
hand lever, enabling timber 
from 2 in. to 10 in. diameter to 
be operated on, also spreading 
the wear over the whole width 
of the knives. 


Outside support wheels avail- 


able as an optional extra for 
use on over 4 ft. diameter. 


Stationary 
machine 


CUNDEYS LIMITED Meco 


(SALES DEPT. ALFRETON, DERBYSHIRE] [Munem 


FULL DETAILS 











FORESTRY COMMISSION 
PUBLICATIONS 


RECENT ISSUES AND RE-ISSUES 


Priced Publications obtainable from H.M. Stationery Office, York House, Kings- 
way, London, W.C. 2; 13a Castle Street, Edinburgh 2, or through booksellers. 


Reports 
Small Pulp Mill Survey. Economic Study 4s. (4s. 5d.) 
Board Mill Survey. Economic Study 5s. (Ss. 6d.) 
Annual Report, 30 September 1959 (40th) 5s. 6d. (Ss. 11d.) 


Leaflets 
No. 31. The Grey Squirrel ls. 6d. (1s. 8d.) 


No. 34. Badgers in Woodlands Is. (Is. 2d.) 
No. 45. The Roe Deer Is. 6d. (1s. 8d.) 


Guide Book 
Glen More (Cairngorms) 5s. (Ss. 6d.) 


Bulletins 
No. 14. Forestry Practice. 7th Edition 1958 5s. 6d. (6s.) 
No. 33. The Status and Development of Elm Disease in Great Britain 
10s. (10s. 6d.) 
Forest Records 
. 41. Fomes Annosus in Great Britain 4s. (4s. 4d.) 
. 43. Establishment Methods for Poplars 2s. (2s. 2d.) 
Booklets 
. §. Conversion Tables for Forest Research Workers 4s. (4s. 6d.) 


UNPRICED PUBLICATIONS 
Grants for Woodland Owners 
Fire—Protect your Plantations 

Forestry in Scotland 
Forestry in Wales 
Britain’s New Forests 
Starting a School Forest 
Forestry and the Town School 


The unpriced items listed above are not available from H.M. Stationery Office, 
but will be sent free of charge from the Secretary, Forestry Commission, 25 
Savile Row, London, W. 1, who will also supply a full Publications List No. 31. 


























- Us 
WASHED AND 
GRADED SANDS 


For Horticultural Purposes 


GRADED FIRECLAY GROG 


SALT GLAZED (VITREOUS) 
ENAMELLED FIRECLAY PIPES 


AND CONNECTIONS 


FIRECLAY GOODS 
of every description 


GLENBOIG 


Sales Office: 
THE GLENBOIG UNION FIRE CLAY CO. LTD. 
GLENBOIG - LANARKSHIRE - SCOTLAND 


A BRANCH OF 
GENERAL REFRACTORIES LTD - 5 SOMERSET PLACE - GLASGOW C.2 




















RELASCOPE ALTIMETER ‘HAGA’ 


For easy 
Measuring of 
BASAL AREA 
in 

SQ. FT./ACRE 
DIAMETERS 
OF TREES 
BETWEEN 

0 and 48 inches 
AT ANY 
HEIGHT. 


This 
Instrument 
has many 
more useful 
applications. 





Aim at the treetop and read the height on the 
scale. Errors eliminated. 
Used by the Forestry Commission and 


Write for particulars to the Crown Agents for the Colonies 


HILANG (F) 


78 LINDSAY DRIVE, KENTON, Harrow, Middlesex 
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— famous Swedish tools 


BUSHMAN the name re- 
nowned for logging saws and 
forestry tools — specialists and 
world renowned for the production 
of fine tools made from highest 
grade Swedish Steel by expert 
craftsmen. Designed for use in 
forests by those who understand * 
the requirements of Foresters. The famous BUSH- 
Specialities include: MAN BOW SAWS 
*® Bow Saws—fixed and adjustable the original and 
* Blades for Bow Saws. still the best. Also 
*® Cross Cut Saws. illustrated are the 
* Hand Saws. FORESTRY HOE 
*® Pruning Saws. and SCARIFIER 
peed a : LIFTING TONGS 
ellin € Ps. 
* adios isnot BARKING IRON 
*® Forest Hoes. 
*® Planting Bars. 
*® Planting Borers. 





*® Lifting Tongs. 
*® Axes. 
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The complete range of Bushman saws and forestry tools is so vast that we are unable to 


show them all, so write now for details of all Bushman tools 


9-11 GLENELDON ROAD, LONDON, S.W. 16 








Planning and Control in the 
Managed Forest 


HERMANN KNUCHEL 
Translated by MARK L. ANDERSON 


‘This is a book which deserves really serious study by all 

who are concerned with the care and management of forests, 

both students and practitioners alike.’ Forestry Review. 
Price 35s. 


otanical Notes on Trees of 
Bot | Not l 


the British Forests 
HARRY WATSON 
A handy reference book including all the trees of economic 


importance grown in this country. For each tree there is a 
general introduction followed by notes on bark, shoots, 


3s 

This is the first of 
a series of advertise- 
ments which will 
cover all our for- 
estry publications. 
A catalogue is avail- 
able on request 
listing them all. 


Oliver and 
Boyd 


TWEEDDALE COURT 


buds, leaves, flowers, fruit, and seedlings. 
14 HIGH STREET 
EDINBURGH 1 


104 pages, 30 line drawings. Price 8s. 6d. 


TIMBER CREOSOTING PLANTS 


PRESSURE 
AND STEEPING 
PLANTS 
IN ALL SIZES 


* 


FOR ESTATE 
AND 
COMMERCIAL 
PURPOSES 


* 


Pressure-type timber 
impregnating plant 
3ft. x 20ft. long 


PRATCHITT BROTHERS LIMITED 
ENGINEERS CARLISLE 


BPI 
[9] 





"Phone: CARLISLE 24205/6 














ESTABLISHED 1841 


A.G.& W. J. RIDDOCH 


TIMBER MERCHANTS 
ROTHIEMAY 
BANFFSHIRE 





All classes of Home Timber bought and sold 


Telephone: roTHIEMAY 261, 262 Telegrams: RIDDOCHS, ROTHIEMAY, BANFFS. 











‘THE WIZARD’ A COMPLETE 


KNAPSACK FIRE PUMP FIRE FIGHTING 
APPLIANCE 





Used extensively for 
dealing with forest fires 
in this country and 
many parts of the 
world. 
Easily filled from any 
water supply, easily 
carried and easily 
operated. 


4 GALLON CAPACITY Write for particulars to: 


S. F. ROBERTS (1960) LTD. 
WINDMILL ROAD, BRENTFORD, MIDDLESEX 
Telephone: Isleworth 6123 




















is a famous name 
the world over for 
forestry equipment 


Foresters and lumbermen know that they can trust Sandvik 
Saws and equipment for their sheet quality, reliability, and 
efficiency. 

For they realize that often their safety can depend upon the 
rugged strength and perfection of this equipment. 

The fact that Sandvik Saws and Equipment are relied on and 
trusted in forestry work throughout the world is proof enough 
of their fame and acclaim. 





BOW SAWS 


Made with lightweight frames 
from seamless tubing, also 
adjustable types. Sizes 24 and 
48 inches. Ask for Sandvik 8, 
19, or 88 Bows with Peg or 
Raker Blades. 








BOW SAW BLADES 


Complete range produced for 
all types of bow saws. Special 
Sandvik 21 and 51 ‘Hardpoint’ 
range eliminates need for re- 
filing. 





CROSS CUT SAWS 


There is a wide range of one- 
and two-man cut saws, includ- 
ing the Sandvik 704 illustrated. 
Also maintenance and setting 
tools. 





Ask your local stockists for full details or write tous direct 


SANDVIK SWEDISH STEELS LTD. 


Finished Products Division 
MANOR LANE, HALESOWEN, BIRMINGHAM 
Telephone: Halesowen 2121 (7 lines) 





SURVEYING & DRAWING 
EQUIPMENT OF QUALITY | 


THE FULLER 
CALCULATOR 


For multiplication — division — proportion 
percentages—Logs—Roots 


ACCURACY 1-10,000 


Does the work of a calculating 
machine at a fraction of the cost 


Theodolites, Levels, Planimeters, Drawing Instru- 
ments, Drafting Machines in fact, everything 
which the Draughtsman and Surveyor require 
for precision work—are included in the Stanley 
range. Each instrument has the highest 
standards of Accuracy, Quality ccd Finish. 


(Write for descriptive leaflets F. XXIV) 


STANLEY 


REGISTERED TRADE M 
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NEW ELTHAM - LONDON :- S.E.9 


TELEPHONE : ELTHAM 3836 








Forestry Instruments and Tools 
TIMBER CALIPERS 


| oe 
Made of strong, light Swedish steel as illustrated. 
Graduated inches quarter-girth or inches diameter, also metric-diameter when 


required. 
Sizes 12-inch smallest to 48-inch largest. 


Weare sole Agents for Mattson’s origina! Prices from £3. 10s. Od. Case and acces- 
Increment Borers made from the finest sories extraifneeded. Delivery from stock. 
tempered Swedish Steel. Also Timber Scribe with Hand-guard, 

Soil Samplers, and Bark-thick Gauge, &c. 


Write for particulars ‘F’ 


j. H. STEWARD LTD. 


Contractors to Forestry Commission 


Established 406 STRAND, LONDON, W.C.2 Telephone 
1852 (Nearly opposite Savoy Hote!) TEM. 1867 











BEST PRICES OFFERED FOR 
SOUND CLEAN BUTTS 


Walnut, Sycamore, Oak 
Wych Elim, and 
other Hardwoods 


PROMPT INSPECTION 


Full details to 


‘THE TIMES’ VENEER CO. LTD. 
GOODWIN ROAD, EDMONTON, LONDON, N.9 


Phone: Edmonton 6311 (3 lines) Grams: Veneerwarf, Southtot 


























DENDROMETER 


(8-inch Base) 


for measuring Trunk-widths and 
Heights of Standing Trees 


The instrument is designed to measure by optical 
means from ground level the trunk-widths of stand- 
ing trees at varying heights. From these observations, 
and in conjunction with tables supplied, rapid 
assessment of volume can be made. 


Pamphlet No. 1216a/F free on request 


BARR & STROUD LTD. 


ANNIESLAND, GLASGOW, W. 3 
Kinnaird House, 1 Pall Mall East, London, S.W. 1 




















THE DEVELOPMENT OF PULP AND 
PARTICLE BOARD INDUSTRIES 
AND THEIR EFFECT ON 
FOREST MANAGEMENT 
WITH SPECIAL REFERENCE TO THE 
SANDWELL REPORTS 
Report of Discussion held at Lyndhurst, November 1959 
and published as a Supplement to FORESTRY by the 
OXFORD UNIVERSITY PRESS 


(Price 5s.. postage 4d.) 




















HIS direct-drive, high-speed, light- 

weight Chain Saw works in any 
position, without tilting or swinging the 
Saw Blade, because of its specially designed 
carburettor. Its high speed rotation gives 
it a high cutting capacity. Powered by a 
single-cylinder two-stroke 5:2 h.p. motor, 


it weighs only 26 lb. complete. 


Write for fully descriptive 
Technical Leaflet 


MINOK ENGINEERING CO. LTD. 


Beaconsfield Road, Tovil, Maidstone 


Tel. Maidstone 3650 
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The all new International 


New power... more weight... superb balance .. . combine with 
new features and unparalleled operator comfort to make the new 
..» the best buy International BTD-8 a certain leader in its class. All the know-how and 
aE experience of 1.H., Britain's largest manufacturer of crawler tractors, 

in its has gone into the design and development of this new BTD-8. 
power class New engine .. . new transmission . . . new all-weather starting... 
new Steering strength... new track components throughout... new 

operator comfort. 





IMMEDIATE 
DEMONSTRATIONS 
WOW AVAILABLE 
ey BOOK YOURS 
0-DAY! 


Head Office 

45-59 Pitt Street, Edinburgh 3. 
Telephone: WAVerley 4204 
Glasgow 428 Helen Street, S.W.1. 


JAMES BOWEN AND SONS LTD. __ !€lephone: GOVan 2611-2 


EDINBURGH - GLASGOW - ABERDEEN = “Derdeen Back Hilton Road 
Telephone: Aberdeen 43332 


SOLE SCOTTISH DEALERS FOR 
1H. CONSTRUCTION EQUIPMENT 





WOOD OR MUTTON: ECONOMICS OR POLITICS 
G. B. RYLE 


R. K. R. WALKER in The Scottish Fournal of Political Economy (1960) sets 

out to debunk once and for all the post-war agricultural policies of the 
Government in relation to the protection of hill land for sheep production against 
the natural onslaughts of cold economics and the no less persistent pressures 
exerted by the Forestry Commissioners whose duty is to implement a different 
and strictly competitive government policy affecting precisely the same classes of 
land. He wisely confines himself to these two competitive but similar land-use 
claims which, because they both aim to produce a crop from the soil, can be com- 
pared with one another in terms of productivity reduceable to money values. 
The more metaphysical, but none the less clamorous contendents to these hill 
lands, those folk who seek to preserve the countryside in a wild or ‘natural’ con- 
dition for its pure beauty but largely regardless of economics or of rural social 
stability, are left out of consideration because their aspirations are untrammelled 
by considerations of lucre and cannot be subjectively analysed on any basis of 
yield: values in human enjoyment are incapable of financial expression. 

Since Dr. Walker wrote his paper the government policy to build up and main- 
tain a 5,000,000-acre forest reserve with emphasis upon its strategic necessity has 
been largely abandoned. But the present policy which lays emphasis upon the 
value of a big, though undefined forest reserve in the interests of our national and 
more particularly of our rural economy, makes all his arguments even more 
pertinent. The spear with which he prods the agricultural planners whose primary 
objective is to ‘save’ hill farms, regardless of economics, from the threat of forestry, 
is both sharp pointed and heavily barbed. Nevertheless he is not correct in saying 
‘the land for which the Commission competes is not allocated to forestry or agri- 
culture through the price mechanism but its use is planned by the Ministry of 
Agriculture in England and Wales and by the Secretary of State’s Department in 
Scotland’. This would mean that the decision on a land-use change from agricul- 
ture to forestry lies within the sole jurisdiction of the Ministers’ agricultural 
advisers. In fact there is a proper consultation between the forestry and agricul- 
tural officials and unsolved cases are for decision by one of the Ministers personally. 
Dr. Walker is quite correct, however, in his allegation that cases or principles are 
decided far more on political or on sociological arguments, which are inevitably 
less conclusive and dependent upon many unknown factors, than upon net pro- 
ductivity expressed in terms of hard cash. There is an obvious flaw in our two con- 
temporary policies for the best use of hill land. They have been worked out (or is 
it like Topsy, they have just growed ?) without first making careful studies of the 
investment values under different types of management or cropping. The Crofting 
Report (1954) and the Mid-Wales Report (1955) were both largely concerned with 
sociological problems. They pointed to a degenerating prosperity under current 
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pastoral practice but did not go much further. The Zuckerman Report (1957) 
went into more detail and touched some tender spots, whereupon it got lost in the 
sad obscurity common to many unpopular documents. 

Without examination of economics, how then do agriculturists and foresters 
argue on comparative pastoral or forest values of land? On widely varying bases, 
which seem not to bear comparison with one another, there are local formulae of 
sheep (or sheep equivalents) per acre. Sheep stocking above the formula figure 
makes the agriculturist violently oppose forestry proposals. Sheep stocking below 
that figure makes him more amenable, unless he had previously approved a scheme 
under the Hill Farming and Livestock Rearing Act. The fact that such approval 
to a scheme may have been given in the knowledge that the productivity of the 
farm would hardly rise to the formula figure is of little consequence, nor is the 
fact that the improvements under the scheme might benefit forestry equally as 
much as it could benefit agriculture (e.g. roads, dwelling house renovations, 
boundary fences). 

The forester too has generally argued on the equally feeble basis that so-and-so 
acres of the property under negotiation are ‘plantable’. More recently he has en- 
forced this profound hypothesis by making a considered estimate of potential 
sustained timber production by various species and possibly also by calculating 
what may be the average man-power requirements for the long-term management 
of the forest. 

Lack of the genuine economic approach to the hill land problem is by no means 
limited to decisions on forestry versus agriculture and Dr. Walker points out that 
heavy state subsidies, under the various schemes for which upland farmers are 
eligible, can be disbursed with complete disregard to real advantages which might 
accrue to the national purse or even to the true prosperity of the individual 
recipients. 

Cases have occurred in Scotland and in Wales where an agreed plan for land 
allocation between forestry and agriculture was evolved without reference to the 
availability on the market of the numerous individual farms involved and with the 
intention of following up the survey with a series of compulsory purchases. In 
both instances the schemes were dropped and subsequently the Government has 
declared its intention to avoid compulsory acquisitions of agricultural holdings 
for conversion to forests. Dr. Walker mentions that in both cases voluntary sales 
to the Forestry Commission took place afterwards and he assumes that enhanced 
prices had to be paid. This assumption is not correct as the farms were bought at 
the normal open-market prices which were naturally very low. 

Because of the strong anti-forestry attitude of the agricultural ‘planners’ Dr. 
Walker is correct in his statement that the Forestry Commission is forced to seek 
its land on the poorest classes of hill farms and if this were ipso facto synonymous 
with seeking the poorest classes of forest land the prospects of the Commission 
ever running its industry as an economic concern would indeed be grim. Fortu- 
nately this is not necessarily the case: there is much hill land in Britain which for 
various reasons is of low value for sheep pasturage (or it may be a matter of ill- 
balanced summer grazings and wintering land) but which nevertheless is highly 
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productive for softwood forest. For the same reason too, if the Commission were 
to pay more for its planting land (and herein Dr. Walker’s alleged “Treasury limit’ 
of £5 an acre is nothing more than a very hard-to-kill old wives’ tale) it would not 
automatically be able to get more productive forest land. It would certainly give 
the Commission wider scope and it would equally bring in its wake louder agri- 
cultural outcries if the Commission began to seek land in the higher priced farming 
districts; but we should need first to satisfy ourselves that this dearer land was 
genuinely more highly productive timber land. 

Dr. Walker’s final calculations, which are based on a range of probables as to 
trends in labour and other costs, timber and farm product values, requirements 
(or admissability) of houses for workers and extraction efficiency, show the net 
value of the product of the land over a period of 50 years to compare forestry and 
sheep, with an advantage ranging upwards from the poorest figure of nearly three 
to one in favour of forestry. He then discloses that the Commission, on the least 
favourable probables and by borrowing at 4 per cent. could afford to pay {7 an 
acre for its land, while under the most favourable probables and by borrowing at 
3 per cent. it could pay {141 an acre for its land. Oddly enough these minima 
and maxima occur for some unstated reason in North and in South Wales re- 
spectively. 

On examples studied, at a rate of interest of 4 per cent., the net product value 
of the land under forestry or agriculture over a period of 50 years shows substan- 
tially in favour of forestry under all probable conditions (with one exception in 
North Scotland) but at § per cent. forestry wins in eleven probables and localities 
against thirteen wins by agriculture. 

Unfortunately Dr. Walker’s paper is only a summary of the conclusions of an 
unpublished D.Phil. thesis and he gives scant details as to the sources of his pro- 
duction, cost, and price figures. It is particulary difficult to understand how he 
can calculate some very widely divergent figures in respect of north, east, west, 
and south Scotland and North and South Wales (or alternatively Montgomery 
and Merioneth both in North Wales). It does not seem that land prices, produc- 
tion rates, costs, or yield values can well be referred to such a zoning with useful 
exactitude. Do his zones in fact refer to a limited number of sample properties 
which happened to be situate therein ? Why do the hill farms of north and south- 
west England go unmentioned? With these small criticisms one feels that Dr. 
Walker has delved well into fundamentals which previous investigators, working 
under official umbrellas, have skilfully evaded. 
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BELGIAN FORESTS AND FORESTRY 
Reflections on the visit of May 1960! 


J. A. B-. MACDONALD 
SUMMARY 


Brief notes on beech (Fagus sylvatica) and on spruce (Picea abtes) now under transforma- 
tion to mixed forest by groups. On the species introduced including exotics as Douglas fir 
(Pseudotsuga taxifolia), Japanese larch (Larix leptolepis), and Abies spp. On their stability even 
on the peat, attributable in part to care over conversion, correct decisions over timing and 
orientation of group opening, and to sound thinning régimes. On the lessons to be learnt, and 
on the evidence of enlightened administration and devoted management. 


. INTRODUCTION 

The Belgians took up forestry and afforestation later than their neighbours. 
Being essentially practical folk they took care to avoid the pitfalls into which 
others had fallen, and being industrious they plodded on keeping their eyes and 
minds open and steadily improving their technique. Unlike some of their neigh- 
bours they were essentially modest and disinclined to be voluble in speech or 
writing about their work. Today without any doubt they are deservedly in the 
forefront and the forester who wants to be well informed and to see some of the 
most successful silviculture in the world must visit Belgium. This applies par- 
ticularly to us because Belgium is just the right distance ahead; they have emerged 
worthily from the establishment phase, we are perhaps a little prematurely floun- 
dering to escape. 


z. THE MAIN SPECIES 
Over 100 years ago a high percentage of the woods carried coppice worked on 


! Thirty-six members took part in an excursion to Belgium which lasted from 22 to 29 May and 
included visits to Dinant (en passant), Bouillon, Florenville, Vielsalm, Hertogenwald, Liége, 
Brussels, and the Forét de Soignes. 

Silviculture in Belgium today is of great professional interest to British foresters (see Penistan’s 
‘Forestry in the Belgian Uplands’ at page 1 of this volume of Forestry) and was the ratson d’étre of the 
visit. The excursion itself has been fairly described as ‘the best ever’ and indeed went like a marriage 
bell. The Society thanks the Société Royale Forestiére de Belgique and the Administration des 
Eaux et Foréts first for their invitation and then for the splendid conduct of the excursion, for their 
hospitality and for the great welcome given, and for their kindness throughout. 

Particularly they thank M. le President Max Boél, M. le Sécretaire André Brouhier, the Council 
and Members of the Société Royale, and the three noble courriers M. le Comte Charles, Cornet 
d’Elzius; M. le Comte Charles-Emile d’Oultremont; M. le Baron Gromlin. 

M. le Directeur General des Eaux et Foréts A. Herbignat and all ranks of his staff both at Brussels 
and in the forests visited, M. Galoux of the Station de Recherches des Eaux et Foréts at Groen- 
endaal and the following officers: Ingénieurs principaux, chefs de service MM. Lamy, Poncelet, 
Henriquet, Duterme, Comilia, Perpete, and Misson and Ingénieurs des Eaux et Foréts de |'Etat 
MM. Reginster, Malter, Gailly, Houins, Lemaitre, Terwagne, Cromlin, Giot, and Lienard. 

On our side of the channel, the entire initiative and implementation was M. J. Penistan’s. No one 
could have done it better or ensured a happier or more valuable excursion. 
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short rotations, presumably for fuel, charcoal, and iron smelting. Only a small 
percentage of coppice still exists completely unconverted. Beech woods and spruce 
woods now account for most of the forested land. Both species grow well; we saw 
on one Jurassic area the third best beech forest in Europe, and on our last morning 
in the forest of Soignes at Brussels great tracts of unbelievably lovely beech. When 
our huge Swedish bus drew up in a particularly inspiring stand it was completely 
dwarfed: a mere cassock in the cathedral. As we stepped down a fanfare of unseen 
trumpets welcomed us in a voluntary no one of us will ever forget. Emotion 
plucked at the heart-strings and there were lumps in many throats as ‘the music 
of the silence’ blended with the horns of the foresters. 

Not all beech was straight or of top quality, but in general the straightness of 
the spruce amazed us and its—to us—incredible degree of stability. In several 
places the type was light branched and the appearance of these stands was very 
fine; more often it was mixed in type but contained remarkably tall and good 
individuals. Perhaps it is not so sad that no one knows where the strains came from 
as good seed stands have already been selected and the choice of special individuals 
therein is about to be made. 


3. DOUGLAS FIR AND OTHER EXOTICS 

It was not without significance that the very first item on the first day of the 
excursion was a seed stand of §7 years old Douglas fir where the largest trees 
averaged 116 feet on a good site at 1,320 feet above the sea. It has been grown in 
mixture with spruce which it had soon left behind, and had always been thinned 
to provide plenty of growing space, so the trees were well buttressed leaving one 
less surprised at their stability. Later in the week our surprise was much greater 
when on the turf-planted shallow peat of a Molinia plateau at 1,600 feet over a stiff 
gleyed soil into which few if any roots penetrated, we found Douglas fir standing 
just as stolidly aided again by sensible thinning and making even more presentable 
timber in plantations formed in the 1880’s. 

Some idea of the value placed upon Douglas fir in Belgium today was obtained 
from the fact that among the exotics planted it was considered well worth expen- 
sive fencing if deer were plentiful. Douglas fir ranked with Abies nobilis, A. grandis, 
A. Lowiana, and A. Amabilis as the tallest and fastest timber producers in the 
particularly interesting Groenendaal Arboretum at Groenendaal nearly 1,400 feet 
on its 8-12 inces of Molinia peat over the usual uninviting gley. The collection in- 
cluded plots of many smaller species which do well in their natural height class, e.g. 
Picea omorika and Pinus peuce. Picea sitchensis is also a big tree here, but generally 
in the Ardennes, unlike Norway spruce which practically always equals it in rate of 
growth, it is apparently too far from the sea and is quite out of its natural climate 
and succumbs at or before 50 years to Dendroctonus micans. 


In many places some use had been made of Japanese larch, especially in the con- 
version of coppice, but isolated examples of excellent European larch made us 
wonder if they had begun rather late to find a really satisfactory strain of that 
species. Another interesting and most healthy introduction was Abies brachy- 


phylla. 
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On the Vielsalm day our admiration for Douglas fir as grown in Belgium in- 
creased again, both from the silviculture and the user point of view, but the peak 
was reached at the President of the Société Royale Forestiére de Belgique’s own 
private forest when, being faced by magnificent trunks soaring up into rich dark 
crowns, our one timber merchant excursionist said ‘but this is Oregon pine—not 
the miserable Douglas fir you try to sell us at home’. So far as we cculd learn 
Belgian timber merchants had no complaints about Douglas fir which sold with 
spruce for ordinary purposes. Certainly there was none of the despondency con- 
cerning its future which one finds in some quarters at home. Douglas in Belgium 
has, like the spruce, wonderful straightness and shows good powers of regeneration; 
there is little or no rot—in fact no serious pest although there, too, 4delges was 
once viewed as a serious menace. Two last items of interest. (i) Douglas fir seeds 
fall to the north in Belgium with the southerly winds of autumn, unlike spruce 
and pine which blow to the south-west when the cold dry northerly winds come 
in spring. (ii) A research man told us that they preferred Douglas seed from the 
Puget Sound. 


4. CONVERSION 


Before the end of the tour many of us began to see how soon all but the best 
stands call for a break-away from regular monoculture and to appreciate the utter 
conviction of every Belgian Forest Officer that woods must in some way be mixed 
if real degradation of the soil was to be avoided and the pests and/or diseases (such 
as Fomes) which constant unadulterated monoculture brings to any plant be it in 
greenhouse, nursery, field, or forest. 

In a stirring speech the Belgian Director General drove home the cardinal 
points of their forestry philosophy: The diversity of the forest by species by age 
and by groups (not single trees) must be the aim everywhere if the errors of the 
past were to be avoided. ‘Britain must inevitably follow. There is only one way 
which will continue.’ 


5. CONVERSION METHODS 

We had seen, and heard expounded, several systems of group regeneration— 
natural, artificial, or, more frequently, both together. After many trials the Bel- 
gians appeared to be in general agreement that something round about } acre 
(100 ares) made the most satisfactory group. Often, of course, this initial group 
is added to in a few years’ time, towards the wind which brought down the seed. 
Openings which let in too much hot sun were avoided, the tendency always being 
both to shape and to extend groups east and west rather than north and south. 
‘Let the light in from the east.’ ‘Avoid the afternoon sun.’ 

Usually forests were managed under a scheme which ensured the working over 
of the whole within 12 years. There would be a simple division into three blocks; 
within one of the three periodic blocks one quarter (section) must be attended to 
every fourth year (i.e. thinned and groups felled for regeneration), in either of the 
other three sections of that block attention might be given where necessary. Such 
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rules and divisions tended to be applied with reason and flexibility—and it was 
obvious that the health of the stand took primary place. 

It was interesting to learn that in the beech forest of Soignes (on the edge of 
which one-seventh of the population of Belgium live) clear felling annoyed the 
population by its brutality and the foresters because it is against nature, encourages 
grass-invasion, and altogether makes regeneration a difficult problem, and so, about 
1900, selection treatment was agreed upon. Almost imperceptibly this is passing on 
to the more modern group system carried out when trees and ground are more 
ready to yield and to receive the seed, Seed years are irregular—1g40, 1947, 1950, 
1953, 1956, and 1958 supplied seed—and the new system aided by some artificial 
cultivation made good use of it. Even in Soignes attempts are made to start re- 
generation in the north-east and work towards the south-west, otherwise bark 
gets baked and detached. Unobtrusively sycamore, lime, and oak are being intro- 
duced. The Brussels people love the beeches under which they have grown up. 
‘Soignes is the green lung of Brussels.’ 

We saw most successful introduction of European silver fir into beech forest on 
our first day in the Commune of Paliseul. 

Highlights of our excellent day at Vielsalm were: 

(i) The pioneer works of a past Director Gerieral M. Turner who was once Dis- 
trict officer here and who began by introducing four }-acre groups of beech and 
silver fir (Abies alba) per hectare into the pure Norway spruce. The number is now 
modified to one thus obtaining less even-aged stands at the outset. He was much 
concerned about stability and tried many new ideas including even Andersonian 
groups for a time. 

(ii) Compartment 112 there, which having been planted with pure Norway 
spruce exactly a century ago, had been transferred most satisfactorily within the 
last 45 years into healthy stands mainly of Norway spruce but interspersed with 
quarter acre groups of European silver fir, Douglas fir, Scots pine (Pinus sylvestris), 
and beech. Only a few fine old specimens of the century-old Norway remained. 


6. THE HERTOGENWALD 


To some older excursionists who had lived through the evolution of peat land 
planting in Britain and had passed from direct planting through Belgian and other 
turfing methods to the most modern ploughing techniques, Ascension Day spent 
on the Haute Fagnes was in the nature of a long-delayed visit to a Shrine. 

The quick drive across the nature reserve at 2,000 feet on the top of the moors 
provided no stop for examination but left one fairly convinced that these Molinia 
stretches with frequent isolated birch, willow, and pine of scrubby nature would 
be very welcome for afforestation if they were in Wales or on the Scottish borders 
where suitable tools are available and techniques well understood. They would 
have to be say 500-700 feet lower to allow for latitude. 

When we came to the woods, almost entirely of Norway spruce, the height and 
quality was almost unbelievable; all the more so when the soil was examined, for 
under 6-10 inches of woodland litter, raw humus, and peat there was almost 
invariably a repulsive gleyed clay into which practically no roots descended. 





128 FORESTRY 


Replanting or reseeding a felled area on this Belgian plateau is in some ways 
more of a problem than first planting, this being entirely because of tree roots and 
stumps; but one thing is certain—the older the crop and the larger and more 
scarce the final trees, the easier it is to find a space for the new turf or proper 
drains. Even on the Haute Fagnes small clearings are advised: big ones become 
wet. 

It was extraordinary to find in such a highly industrialized country that the new 
drains are dug by hand, main drains being few and far apart and costing 30s. per 
chain. It was illuminating too to find that contrary to British experience each large 
mound or turf was left to weather and consolidate for a whole year before being 
planted, and that instead of the original 2 oz. of basic slag each spruce now re- 
ceived 7 oz. (12 per cent.) mixed in with a special forked tool before planting. 

According to British Tables, one stand at least on the Haute Fagnes and not 
far below 2,000 feet was producing Q.C. I with trees go feet high at 110 years. 

For the first time we saw a lot of windthrow but it was well spread and very 
seldom extensive, and the trees concerned were generally over 50 years old. The 
largest gap had been felled by the Americans for the bridging of the Rhine. There 
was some butt rot, perhaps originating from deer damage which was locally dis- 
graceful. Stags, roe, and boar abound, often far above the safe limits which were 
said to be 20 deer per 1,000 Ha. with 10 roe and 15 boar. 

No dragging of logs is permitted from May until end July when bark has a 
firmer grip on growing trees. 

One officer thought there was little evidence that peat shrank, an older one 
privately disagreed. 


>. WIND 

Belgian foresters have much to teach us in so far as they pay considerable atten- 
tion to the avoidance of windfall in developing techniques of conversion, and also 
in their thinnings which are very much crown thinnings, tending to develop strong 
roots on the best trees in addition to vigorous crowns. Nevertheless we saw so little 
evidence of distortion by wind, even on outside trees at the highest elevations, 
that one must conclude wind is not the menace even in the highest Ardennes 
which it so often is—far below that altitude—in Britain; otherwise how could 
8-12 inches of litter and peat support 90-foot spruce with a quite unblemished 
symmetrical crown? 


8. PRIVATE WOODLANDS 

It would be too much to expect every private forester to equal the standard 
reached in the 3,000 acres of woodlands owned by the President of the Belgian 
Society. There our immediate wish was that our own private woodland owners 
could see it and absorb the enthusiasm and the knowledge which overflowed at 
each new point which Mr. Boél expounded, sometimes with the able backing of 
the Belgian Director General of Forests. They covered both conversion of coppice 
and the growing of poplars to be cut at 30-35 years in scrubland 
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g. PERSONAL 

These were big men and every day we met men with good silviculture in their 
bones and modestly proud of the achievements of their service. Many remarks we 
will remember, several coming from one source referred to by J. E. Garfitt in his 
vote of thanks as ‘a Forest Engineer Prophet’ under whose sensitive charge the 
Soignes beeches appeared so sublimely happy. For instance: ‘Female ash only 
should be planted.’ ‘In forestry as in human marriage it is essential to have two 
compatible individuals. So European larch is better than Japanese for mixing with 
beech.’ All the same while nations find it difficult to live at peace, trees enjoy an 
amazing degree of companionship. ‘The introduction of additional species does 
nothing but good: “The wider the piano, the better the music.’ Also: “Toujours 
le cocktail mais dans une grande verre’, we were told when the gradual dilution of 
monocultures was being expounded. 

‘We have to catalyse the natural forces’, said an inspector when explaining the 
delicacy of the forester’s task when about to set off a new train of regeneration. 
‘All is a question of faith. If the forester has faith in the trees, they will not let him 
down. Mother and children must grow up together, that is the natural way.’ 

Some sarcastic views were expressed about certain sciences and scientists. 
*‘Pedology is a science invented by man to explain his own failure’ is sometimes true 
enough but ‘when tree seedling roots go deeper than 15 centimetres they are safe 
from pedologists’! 

Among many sage observations it was said that foresters were paying for the 
disappearance of the horse and of iron wheels: large section tyres are no help to 
regeneration. And on a higher plane: ‘In great forests it is necessary to appreciate 
the music of the silence.’ 


10. CONCLUSIONS 

It was said more than once before the end of the tour that, despite the long 
days, this had been one of the best ever excursions. Professor Mobbs was an excel- 
lent chairman and Penny a quite outstanding leader. Having drawn Belgian 
forestry to the Society’s notice and chosen the actual forests to be visited and 
items to be discussed, he proved himself to be a master at handling the flow of 


questions and translations. He had fine support from a succession of Comtes and 


a Baron and the speed and efficiency of one particular syndicate (Oultremont 
Penistan) touched levels not surpassed at F.A.O. 

After such a trip it is not easy to suggest improvements for the future but one 
point stands out. The excursion secretary ought to have a daily assistant. When 
there is such a lot to see and to question, a two-hour lunch with plenty to drink 
is a bad thing; we would have been much more alert on a pocket lunch and home 
earlier at night. When figures are printed in tour notes, it is unwise to go over 
them again in two languages and in two systems. Lastly Belgian thinning might 
well have justified a special stop and explanation though generally it seemed very 
sound. 

We left with a high regard for the Belgians as foresters, and undoubtedly we 
have learned much which would be desirable for direct application at home now 
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or later. Our invitation to the Belgians to visit us was warmly made. They are so 
far ahead that their visit would be very much to our benefit. Under their inspired 
chief the Belgian foresters know where they are going, recognize essentials, and have 
cut the cackle and paper work drastically. Above all, they give great freedom to 
their excellent local officers to do what is best for the forests, the compartment or 
the sub-compartment, even if it means departing from their simple plans. All this 
has made Belgian forestry a focal point for real silviculturists throughout the 
world. 





ERGONOMICS IN FORESTRY! 


ULF SUNDBERG 
SUMMARY 


Experience has taught us that technical improvements which do not improve the lot of the 
worker are not real improvements. The paper considers shortly the changes which might 
improve safety, health, comfort, and efficiency, and examines the simple physiological methods 
involving measurement of pulse beat developed by Dr. N. Lundgren in the study of heavy and 
complex work such as forest work. Where less complex work is studied, more precise methods 
such as the measurement of oxygen intake can be adopted. The moot question of whether 
heavy work has in the long run any ill effect on health and working capacity is considered. 


INTRODUCTION 
HE presidential address by Sir James Gray at the 1959 meeting of the British 
Association bears the title “The proper study of mankind is man’. In reading 
the programme I interpreted that title to mean that everyone—and perhaps 
especially research workers and scientists—should in their work have the welfare 
of man as their lodestar and try to make his life richer, easier, happier, and safer. 

If one studies the literature of work study of 50 years ago, one finds that in the 
beginning this was not the case. The worker was considered well able to take care 
of himself, and the task of the engineer or research worker was merely to find better 
methods and technical equipment without any great consideration as to the con- 
sequences for the worker. Experience has taught us that technical improvements 
which do not lead to any greater personal satisfaction for the worker—psycho- 
logically or physiologically—are no real improvements. In the long run they will 
fail. In modern work studies one of the most important elements is to fit the job 
to the worker and also, as I will show later, to fit the worker to the job. 

In Swedish forestry physiological research on working methods has been carried 
out more or less continuously during the last 20 years. For the past § years this 
research has been organized by the Swedish Forest Research Institute, where 
I work. In collaboration with an industrial organization, the Swedish Council 
for Personnel Administration, our institute has created a special department, 
the Division of Industrial Physiology, with a medical doctor in charge and two to 
three assistants of lower grades. Research on forest work, which occupies half of 
the time of that division, is generally carried out in co-operation with forest 
engineers from my department of Operational Efficiency at the Forest Research 
Institute. Our half share in the physiological division today is approximately 
£4,000, and in addition to that, £3,000-3,500 for our own personnel working on 
these joint physiological studies, totalling thus £7,000—7,500 per year. 

The questions which can generally be elucidated by physiological research may 
be summarized in the following way: 


1. What physiological demands does the job put on the worker? 


1 Based on a paper read before the British Association for the Advancement of Science, at York 
on 8 Sept. 1959. Professor Sundberg is Head of the Department of Operational Efficiency, Swedish 
Forest Research Institute, Stockholm. 
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2. What do these demands mean from a recruitment point of view and for the 

possibilities too of employing older workers with a reduced working capacity ? 

. Are the demands of the job within reasonable limits or might they result in 
discomfort, fatigue, overstrain, or health hazards? 

. Could any changes in the work, the environment and the methods of training 
be suggested, which might improve conditions of safety, health, comfort, 
and efficiency? 

This paper deals only with the last of these. 

The physiological research methods that we have had up till now are more 
suitable for studies of heavy work than for study of lighter activities. Forest jobs 
are heavy and it is generally problems related to heavy work that concern us. We 
all recognize the need to reduce heavy work in this age of mechanization; to 
identify heavy work phases and to check up that we do not create new bottlenecks 
or new health hazards when we introduce machines which are supposed to decrease 
the physical work load. 

The total energy demands can be derived by determining the caloric intake of 
food over a period of days or weeks or by determining the energy output of the 
various activities during the day and summing up the results. Both of these 
methods were used during the last war. Mean values, varying from 4,500 to 
6,000 cal. per man for 24 hours, were obtained. Figures of this type no doubt give 
a general picture of the total physical activities during work and leisure time. They 
are of interest from a nutritional point of view and had in Sweden the immediate 
practical result that, during the time of scarcity of food, the food rations to the 
forest workers were increased. The energy output in a single work operation is 
calculated from the oxygen intake or can indirectly be derived from measure- 
ments of the pulse rate. Body temperature and sweating rate are also indices of the 
physical demand of a whole work shift. 

I will not speak in detail about these different methods nor their application 
nor what can or cannot be read from the results. But I will describe briefly one 
special method, developed by the chief of the Division of Industrial Physiology, 
Dr. N. Lundgren, because it is specially fitted for studies on heavy and complex 


work such as forest work. The method is simple and inexpensive and can be used 


on actual work in the forest. 


DR. LUNDGREN’S METHOD 

Manual pulse measurements are made at random approximately every fourth 
minute by taking the time for ten pulse beats. This short interruption in the work 
does not disturb the worker in his rhythm. Through these pulse measurements we 
obtain the average pulse rate for the whole work day, and we can also obtain the 
pulse rate for different work elements within the operation. By treating the 
material statistically we know whether differences in such elements or in various 
work alternatives are significant or not. 

The pulse rate of a person indicates how much his circulatory capacity is util- 
ized. This capacity varies very much in different individuals, so great variation in 
pulse rate level may be obtained on different workers for the same output of work. 
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To enable more general conclusions to be drawn from pulse rate observations, a 
method is used by which the individual results can be recalculated to ‘standard 
worker’ level. This method is based upon determinations of the individual pulse 
rate response during work at a series of loads on the bicycle ergometer and com- 
parisons of this response to that of a ‘standard worker’ with the aid of a nomogram 
(Fig. 1). The standard worker may, of course, be defined at will and has nothing in 
common with the ‘normal worker’ whom so many work study men have had 
trouble defining. As skilled forest workers average a maximum capacity of oxygen 
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Fic. 1. A nomogram (after Astrand-Ryhming) adjusted for correction of the actual pulse rate 
during work to ‘standard worker’ level. 

Example: A test of worker A on the bicycle ergometer gave his maximal capacity of oxygen intake 

as 3-0 litres per minute. His pulse rate in carrying out the time study job was measured at 140. Ifa 

capacity of 4 litres per minute is chosen as ‘standard worker’ level, his pulse rate should be corrected 


to 120 as shown by the dotted lines. 


intake of 4 litres per minute, we often choose this figure as a definition of the 
standard worker. ‘The recalculation of the pulse rate to a ‘standard’ man means 


that we have approximately the pulse rate that all the workers in the study should 
have had if their physical capacity was equal, in this case 4 litres per minute. In 
practice the procedure of calculating the standard worker level has, among other 
things, the advantage that the number of experimental subjects may be kept at a 


reasonable level. 

These pulse measurements are now combined with ordinary time studies. One 
man can take the pulse of up to six workers if they work close to each other. We 
obtain thus not only the production rate but also an approximate figure on the 
heaviness of the work, broken down into different elements. 





FORESTRY 


. What do these demands mean from a recruitment point of view and for the 
possibilities too of employing older workers with a reduced working capacity ? 

. Are the demands of the job within reasonable limits or might they result in 
discomfort, fatigue, overstrain, or health hazards? 

. Could any changes in the work, the environment and the methods of training 
be suggested, which might improve conditions of safety, health, comfort, 
and efficiency? 

This paper deals only with the last of these. 

The physiological research methods that we have had up till now are more 
suitable for studies of heavy work than for study of lighter activities. Forest jobs 
are heavy and it is generally problems related to heavy work that concern us. We 
all recognize the need to reduce heavy work in this age of mechanization; to 
identify heavy work phases and to check up that we do not create new bottlenecks 
or new health hazards when we introduce machines which are supposed to decrease 
the physical work load. 

The total energy demands can be derived by determining the caloric intake of 
food over a period of days or weeks or by determining the energy output of the 
various activities during the day and summing up the results. Both of these 
methods were used during the last war. Mean values, varying from 4,500 to 
6,000 cal. per man for 24 hours, were obtained. Figures of this type no doubt give 
a general picture of the total physical activities during work and leisure time. They 
are of interest from a nutritional point of view and had in Sweden the immediate 


practical result that, during the time of scarcity of food, the food rations to the 


forest workers were increased. The energy output in a single work operation is 
calculated from the oxygen intake or can indirectly be derived from measure- 
ments of the pulse rate. Body temperature and sweating rate are also indices of the 
physical demand of a whole work shift. 

I will not speak in detail about these different methods nor their application 
nor what can or cannot be read from the results. But I will describe briefly one 
special method, developed by the chief of the Division of Industrial Physiology, 
Dr. N. Lundgren, because it is specially fitted for studies on heavy and complex 
work such as forest work. The method is simple and inexpensive and can be used 
on actual work in the forest. 


DR. LUNDGREN’S METHOD 

Manual pulse measurements are made at random approximately every fourth 
minute by taking the time for ten pulse beats. This short interruption in the work 
does not disturb the worker in his rhythm. Through these pulse measurements we 
obtain the average pulse rate for the whole work day, and we can also obtain the 
pulse rate for different work elements within the operation. By treating the 
material statistically we know whether differences in such elements or in various 
work alternatives are significant or not. 

The pulse rate of a person indicates how much his circulatory capacity is util- 
ized. This capacity varies very much in different individuals, so great variation in 
pulse rate level may be obtained on different workers for the same output of work. 





SUNDBERG—ERGONOMICS IN FORESTRY 133 


To enable more general conclusions to be drawn from pulse rate observations, a 
method is used by which the individual results can be recalculated to ‘standard 
worker’ level. This method is based upon determinations of the individual pulse 
rate response during work at a series of loads on the bicycle ergometer and com- 
parisons of this response to that of a ‘standard worker’ with the aid of a nomogram 
(Fig. 1). The standard worker may, of course, be defined at will and has nothing in 
common with the ‘normal worker’? whom so many work study men have had 
trouble defining. As skilled forest workers average a maximum capacity of oxygen 
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Fic. 1. A nomogram (after Astrand-Ryhming) adjusted for correction of the actual pulse rate 
during work to ‘standard worker’ level. 

Example: A test of worker A on the bicycle ergometer gave his maximal capacity of oxygen intake 
as 3-0 litres per minute. His pulse rate in carrying out the time study job was measured at 140. Ifa 
capacity of 4 litres per minute is chosen as ‘standard worker’ level, his pulse rate should be corrected 
to 120 as shown by the dotted lines. 


intake of 4 litres per minute, we often choose this figure as a definition of the 
standard worker. ‘The recalculation of the pulse rate to a ‘standard’ man means 
that we have approximately the pulse rate that all the workers in the study should 
have had if their physical capacity was equal, in this case 4 litres per minute. In 
practice the procedure of calculating the standard worker level has, among other 
things, the advantage that the number of experimental subjects may be kept at a 
reasonable level. 

These pulse measurements are now combined with ordinary time studies. One 
man can take the pulse of up to six workers if they work close to each other. We 
obtain thus not only the production rate but also an approximate figure on the 
heaviness of the work, broken down into different elements. 
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To illustrate this method I will give you some examples. A year ago we carried 
out, in collaboration with the Austrian and German forest research institutes, an 
investigation on one-man work in felling in middle-aged stands. The group from 
each country consisted of two skilled forest workers with their own tools and 
research workers for time and physiological studies. The study was carried out in 
Austria, and these six forest workers worked under similar conditions partly on 
flat ground, partly in very steep country. Table I shows the results from these 
combined studies of practical work. The total daily energy expenditure for these 


Taste I. /nternational study on felling and conversion 





Standard pulse 


: beats per Calories per 
Minutes p p 





Stte, Ge. Worker per tree minute tree minute 





S! 13°2 135 1,780 10°9 
S2 16°8 135 2,270 11*3 
Flat ground Al 19°4 109 2,110 5°6 
D.B.H. = 17 cm. A2 24°9 117 2,910 8-1 
Barked Gi 27°5 116 3,190 6-8 
G2 25°0 100 2,500 5°8 





Si 17°5 147 2,570 12°7 
Steep ground 2 21° 147 3,200 13°0 
DBH = 22 cm. Al 29° 132 3,890 10*4 
unbarked A2 27° 128 $20 98 
Gi 31-8 126 4,010 8-8 
G2 38-9 127 4,910 98 























six workers, determined from the pulse measurements and standard leisure and 
rest values, varied between 3,600 and 6,200 gross calories per 24 hours day. 

The advent of power saws involved certain complications in felling when carried 
out by one man. The practical problem was to ascertain whether the man should 
fell a group of trees in succession and then convert them in the second, third, and 
even fourth run, or if he should work on each tree individually, performing felling 
and conversion of that one tree, before he proceeded to the next one. This was a 
problem referred to us by the people in vocational training. We have now com- 
pleted the study which showed that there was no difference in production but, in 
all nine cases studied, the pulse rate of the worker was considerably lower when he 
worked according to the second alternative, i.e. finishing one tree before going on 
to the next (see Table II). This result is of immediate interest in vocational train- 
ing, and the recommendation, drawn from the result, should lead to less strain or 
higher production without any increase in work load. Without employing these 
physiological measurements such conclusions could not be made. It is also interest- 
ing to note that in this study each sample was tested for only one hour. If time 
only had been taken a much longer period would have been required. 

During recent years the Employers’ Association and the Labour Union have 
been discussing a revision of the existing piece rates for the extraction of wood by 
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Taste II. Comparison of two methods of felling 
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horses from the forest to the road. One of the difficulties to be overcome has been 
the claim of the union representatives that, as the length of the extraction 
decreases with road building, the physiological work load on the teamster has 


increased considerably with greater time spent in loading and unloading. This 


problem was also referred to us, and our studies gave the results shown in Fig. 2 
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Fic. 2. Work load and length of haul. 


Fig. 2 illustrates the increasing work load with decreasing length of extraction, 
and from this can easily be calculated what rest allowance should be given in order 
to arrive at the same work load per day at varying lengths of extraction (Table III). 
This is, of course, not a definite reply as we do not pay the worker according to his 
caloric consumption; but such a study is of considerable value since the bargaining 
between the two parties can take place on a more technical and pertinent level. 
The result will be a compromise between the time studies and the time studies 


corrected to the same average work load. 
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Taste III. Change in rest allowance to obtain equal physical work load 
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These examples are all taken from ordinary work as carried out in the forest and 
I have shown them in order to demonstrate that even a rather complex work, in- 
volving a sequence of quite different work elements, can be studied using quite 
simple methods. There are instruments which can be used, such as the electronic 
pulse counter and the integrating motor pneumotachograph, but these instru- 
ments are sometimes a hindrance to the worker. Usually they involve the use of 
more study personnel and more complicated arrangements. By using manual 
measurements of the pulse the same investigator can observe simultaneously 


four to six persons, working in the same area, and there is no risk of instrument 


trouble. These instruments, which generally give higher precision, are at present 
more suited to laboratory work. 


LESS COMPLEX WORK 

When we study simpler work operations, they are often investigated under more 
standardized conditions, where we can vary one factor from test to test. In such 
studies, which usually are carried out during a shorter period of time, around 
10 minutes for each test, we measure the physiological work load with more pre- 
cise methods such as measurement of the oxygen intake. I will now give some 
examples of such studies. 

Mechanical barking with portable machines has increased considerably during 
the last few years and one of the most popular machines in Sweden is the Cambio 
debarker. The technical production of that machine is so high that the limiting 
factor is the crew feeding and receiving at the machine. We were interested to 
know exactly where this bottle-neck was located. Usually there are four men 
working at the machine. We found that three of them did not have appreciably 
high work loads but the fourth one had difficulties in keeping up with the techni- 
cal production of the machine. His work load is illustrated in Fig. 3. 

It will be seen that in this study we have systematically varied the speed of pro 
duction. By this method we get a correlation between production and work load, 
and we can say either what the production will be for a certain level of energy con- 
sumption, or what the work load will be by different methods of work with the same 
production rate. I will illustrate this in another study (Fig. 4), showing a compari- 
son between four methods of planting trees. One can thus look upon physiological 
research in such studies as a scientific tool which gives more information more 
quickly at lower cost than time studies alone can produce. 


SEASONAL CHANGES 
The physiological research on heavy work in Sweden indicates that on the aver- 
age a worker uses half of his maximum physical capacity. The explanation for this 
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Fic. 3. The work load of one of the workers at the debarking 

machine. At the low rate he was able to keep up with the tech- 

nical production of the machine. At the high (normal) rate, the 

production drops sharply if the distance of rolling the logs 

exceeds 0-5 metre because his physical work load then reaches 

his maximal capacity. The production of the unit is limited by 
this worker. 


is probably that, if he exceeds this level, he will get tired and feel uncomfortable. 
It is known that heavy work leads to a certain increase in physical capacity, but it 
is also established that it is only work which requires an energy output close to the 
maximum capacity which has this training effect. We were interested to see how 
the seasonal changes in work operations in forestry influenced the physical capacity 


of the forest worker. Fig. 5 shows how the physical capacities of a group of forest 


workers employed all the year round are a minimum at the end of the summer after 
the rather light work in the spring and summer, and at a maximum at the end of 
3355.2 L 
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the winter when the cutting of trees of large dimensions in snowy conditions 
prevails. If we could now apply systematic training, such as the ‘circuit training’ 
developed in this country, this should lead to less fatigue or higher production 
during the autumn and winter. Such training programmes are now also applied 
on an experimental basis in some forest centres in Sweden. This is an example 
of fitting the worker to the job. 


Oxygen consumption 


























u T 


1s 2 2 30 35 £0 
Patches [min 


Fic. 4. Results of a study of four different methods of making 
‘patches’ in tree planting. If the worker works at the same 
physical work load, e.g. corresponding to an oxygen intake of 
2 litres per minute, his production for the different methods 
will be less than 2, 2-6, and 3-0 patches per minute respectively. 


LONG-TERM EFFECTS 

An essential problem is, whether or not heavy work have any ill effects on health 
and working capacity in the long run. This problem is subject to many controver- 
sial opinions and may by no means be looked upon as sufficiently studied as yet. 
Swedish investigations show that back ache and X-ray signs of disk degeneration 
are common among all people over a certain age, but only slightly more common 
in groups with heavy work than in sedentary workers. The main factor seems to 
be a physiological ageing, which is more or less independent of the heaviness of 
work. Another thing is, of course, that the practical effects of back ache on the 
ability to work are more pronounced in a heavy occupation than in a light one. 
Finnish studies concerning the longevity of people indicate that people with heavy 
work compare favourably with the general population, and in this connexion one 
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can also mention the studies by Professor J. N. Morris, chief of the Research In- 
stitute of the London Hospital, on coronary disease among population groups with 
certain types of light or heavy work. His findings indicate that a certain physical 
activity in the work has a positive effect on the health. One may perhaps sum up 
our present knowledge by saying there is no significant proof so far that heavy 
work, as it is performed in Swedish forestry today, is on the average a negative or 
positive health factor. 
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Fic. 5. Bicycle ergometer test at the load goo kilopondmeter per minute on a group of forest 
workers. High pulse rate response shows a decrease in their physical capacity. 


FATIGUE 

Fatigue may be defined as a state of inability of the body to maintain a physio- 
logical or psychological equilibrium. Problems related to fatigue are, in forestry, 
mostly of a physiological nature, but, in factory work, the psychological aspect is of 
growing importance due to, among other things, the increasing monotony in the 
work. The symptoms of fatigue are different, and fatigue can be measured by various 
methods, which I will not describe here. A typical symptom of fatigue is when the 
listeners to a scientific paper start turning and twisting around in their chairs. The 
chairs may be uncomfortable, and the blood circulation to the brain may for 
different reasons be hindered, which leads to a feeling of fatigue. The real cause, 
however, is that the speaker is too long or too dull or both. To avoid committing 
these sins, I will now end this paper. 





THE CROWN EXPANSION OF JAPANESE LARCH 
AFTER HEAVY THINNING 


R. LEHTPERE 


SUMMARY 


A Japanese larch (Larsx leptolepis) stand 1/II qu. cl. was thinned to 50 trees per acre at age 
25 years. In five growing seasons, after this thinning, (a) the average breast height diameter 
of the trees has increased at the rate of 5-7 annual rings per inch; (4) the average height incre- 
ment was 3:0 feet in 5 years; (c) the volume has increased from 457 to 700 hoppus feet over 
bark per acre, or, the rate of growth has been 8-9 per cent. in compound interest; (d) the 
crown projection area occupied 21-1 per cent. of the ground at the beginning of the 5-year 
period and 41-3 per cent. at the end of the period, an increase per year of 14-1 per cent. in 
compound interest. 

The multiple regression of the tree volume increment on (i) tree volume at the beginning of 
the 5-year period, (ii) increment of the crown surface area during the period, and (iii) the 
crown surface area at the beginning of the period, has been calculated. The first two inde- 
pendent variables of this regression have significant positive regression coefficients, and the 
third, the crown surface area, has a negative regression coefficient which is not significant at 
§ per cent. probability level. 


ib the winter of 1954-5 in a heavily thinned Japanese larch plantation belonging 
to Dartington Woodlands Ltd., the number of trees was reduced to 50 per 
acre at 25 years of age and underplanted. In this stand a 1-08-acre sample plot was 
established. In addition to the usual sample plot measurements, the crown projec- 
tion of all sample plot trees was measured. After a period of § years it was measured 
again and the results of these measurements are described here. ‘The economics 
and the silvicultural implications of the underplanting of this Japanese larch 
plantation are discussed by W. E. Hiley elsewhere (1956, 1959). 


DESCRIPTION OF THE PLANTATION 

This Japanese larch plantation, Clifford XVI c, 7-9 acres, lies on a slope facing 
north, at 300 to 400 feet elevation. The 1-08-acre sample plot is in the middle of 
the plantation; the average slope of the plot is 22°, but it varies considerably. The 
prevailing winds are from the west along Teign Valley, and the plantation has no 
shelter on the NNW. side. The soil forming rock is Culm measure (carboniferous 
shale and grit) considerably metamorphosed by the granite intrusion of Dartmoor. 
The soil is a deep loam of a brown soil type. The rainfall is estimated at 45-50 
inches per annum. 

The plantation was made in 1930, and planted at 5 by § feet, on agricultural 


land, which, before planting, was under grass. The ground vegetation is now 
bramble and grass, the most troublesome being Holeus Mollis. 

The plantation has been thinned seven times, the first thinning being in 1942. 
In 1951, at age 21 years, there were 260 stems per acre after thinning. From these 
trees 50 dominants per acre were marked in the summer of 1953, and the remainder 
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were felled in two thinnings during the winters of 1953-4 and 1954-5. In the 
spring of 1955 the plantation was underplanted with hemlock spruce (Tsuga 
heteropirylla), Douglas fir (Pseudotsuga taxtfolia), and thuya (Thuya plicata), each 
species separately. 


NEW INSTRUMENT 


For the crown projection measurements a home-made tool was designed for 


one-man operation. This tool has two parts: 


1. A collar with a tape, which is shown in Fig. 1a, 8. This can be fixed round 
the tree at breast height for measuring the bearings and distances of the pro- 
jecting points of the crown from the centre of the tree. 

2. A mirror for projecting the crown, which is shown in Fig. Ic. 


The collar was made from two curtain rails (a), each 22 inches long, which are 
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bent into a semi-circle and then jointed with a hinge (5), and clip (¢), to make a 
circle. The rail has four bushes (d) for holding 6-inch nails (¢), so that the sharp 
ends of the nails face the centre of the collar. Each bush has at one end a rubber 
lining (f) in order to provide sufficient friction to keep the nail ends in the tree 
bark when the collar is put round the tree. The rail is extended by two semi-circu- 
lar tinplates for marking the divisions in degrees. The tape (g) is fixed with a clip 
to the rim of the rail, which can be moved freely round the tree along the bent 
rail. 

A round mirror (a), 3 inches in diameter, on which a mark for sighting was made 
in the centre, is used for the projection of the crowns. The mirror has the follow- 
ing supplementary parts: 

(i) A metal rod, 3 by + inch (6), is used as a weight to keep the mirror in a 

position of 45°. The rod is bent twice, first go° at 24 inches distance, and 
secondly about 45° in the opposite direction at 5 inches distance, each 
measured from the same end of the rod. 
The tool is held by a ring (c) through which the forefinger can be put. The 
ring is connected with a small pivot (d) by a strong thread. A groove is 
made for the pivot into the rod between the two bends, and through the 
groove a hole } inch diameter is drilled. 

(iii) A peep sight is made at the end of the second rod (e) 8 inches long. The 

other end of this rod is bent about 60° at 2} inches from the end. 


The two rods are fixed to the middle of the metal side of the mirror in the 
following manner: when holding the longer rod by the ring the weight of the rod 
keeps the mirror in the position of 45°, and when looking over the peep sight of the 
shorter rod at the mark on the mirror, the sight is directed vertically upwards. 
With the aid of a plumb line, the mirror is adjusted finally and checked. 

The tool is operated as follows. First, the north is marked on the tree at breast 
height by the aid of a compass, and then the collar is fixed round the tree so that 
the north mark on the tree and 0° on the collar coincide. The clip of the tape is 
moved on to the bearing from which the measurement will be taken, and the 
stretched tape is aimed at the centre of the tree. The mirror is moved along the 
stretched tape till the edge of the crown is seen over the peep sight at the marked 
centre of the mirror. The reading is taken from the tape at the rod. 

It is advisable to adjust the tape so that readings can be directly done from the 
centre of the tree. With little exercise the bearings can be measured by the aid of 
the collar with the accuracy +1° provided that the north is marked on the tree 
correctly. 


RESULTS OF MEASUREMENTS 


Number of trees. The sample plot figures for the 5-year period are shown in 
Table I and apply to 1 acre. There were 51! trees per acre in 1955 and 49 trees in 
1959; one of the trees was thrown by wind in 1955, and the other died in 1958 
after making good growth in 1957. In the whole plantation only two Japanese 


® When 50 trees per acre is mentioned above or later, it applies to the whole plantation generally. 
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larch were lost through wind, but there was a small Norway spruce group, about 
0°15 acre, which was thrown or broken by wind. In spite of the small actual losses 
in Japanese larch, the trees were probably not sufficiently prepared for free growth 
in 1955. Recovery has, however, been good and all trees are now well set. It had 
also been feared that isolated trees might have formed compression wood in the 
years since the heavy thinning. From the trunk of one of these trees g disks were 
cut at various heights and anatomical analyses were carried out by Dr. Chalk at 
Imperial Forestry Institute. He has kindly informed us that the timber of the 
tree examined was of good quality and no compression wood has been found. 


Taste I. Sample plot figures in Clifford XV Ic. Figures apply to 49 trees and 
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Height growth. During the §-year period the average height of the 53 trees has 
increased from 55-9 feet to 58-9 feet, an increment of 3:0 feet. It is a little difficult 
to fix the site quality when the number of trees is under 100 trees per acre, because 
in the Yield Tables for Japanese larch (Hummel and Christie, 1953) the quality 
class is determined by the average height of the 100 trees. But assuming that the 
average height of the 50 trees per acre in this plantation represents the average 
height of the 100 largest trees, then the sample plot in 195§ had site qu. cl. I/II 
and in 19§9 qu. cl. II. By the British Yield Table standard, a 3-foot height incre- 
ment in § years is small. Tables show 7-foot increment for qu. cl. II, and even 
qu. cl. V has §4-foot height increment at age 25-30 years. Fig. 2 represents the 
relationship between the height in feet and b.h.q.g. in inches of the sample plot 
in 1955 and 1959. It shows that the height line of 1959 lies below the line of 1955. 
This can occur when the trees have good girth increment and height increment is 
small. The slope of the lines also has an influence on the distance between the 
lines. Both these reasons contribute to the performance of the 1959 height line. 

The radius of the crown projection has increased on average by 3 feet in the 
5-year period, so the relationship between the lateral increase of the branches and 
the height growth is one. As the height increment has been small absolutely as 
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well as relatively compared with the girth increment and lateral expansion of the 
branches, it can be assumed that the height growth of Japanese larch has been 
retarded in the first §-year period after isolation of the trees. 
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Fic. 2. Relationship between height in feet and b.h.q.g. in inches. 


Girth increment. Breast height quarter girth over bark of the mean basal area 
tree has increased from 7-1 to 8-6 inches, and the increment was 1-5 inches. 
According to the Yield Tables for Japanese larch the b.h.q.g. increment of the 
100 largest trees per acre is 0°75 inches for qu. cl. I] in § years. The girth increment 
in each year was as follows: 





Date of mensuration 





Quarter girth o.b. at breast height 





(inches) 


Increment per year (inches) 


Annual rings per inch , 








The trees have grown at an average rate of §-7 annual rings per inch. They made 
good growth in the summer of 1958, which was a wet summer, and in 1959, when 
the summer was warm and sunny, the increment was above the average. It is 
likely that the trees will retain the present rate of diameter growth until competi 
tion with the lower storey sets in. 

Basal area and volume increment. The basal area increment has been 8-0 sq. h. ft. 
in § years, which is about the same as that shown in the Yield Tables for 100 largest 
trees in qu. cl. II. The volume of the trees is calculated according to the Japanese 
larch volume tables (Hummel, Irvine, and Jeffers, 1951), and the increment has 
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been 243 h. ft. o.b. in 5 years. The corresponding increment in the 100 largest 
trees in the Yield Tables is about 300 h. ft. o.b. This shows that the volume growth 
of the upper storey has not been so favourable as the basal area increment, and this 
is mainly due to the small height increment. 

Crowns. With the above described tool, 18 measurements were taken per crown, 
one at every 20°, in 1955. A crown map of the projection area was made for each 
tree, and the area was measured with a planimeter. ‘This was repeated after five 
growing seasons in 1959. In 195§ the total projected area of the crowns was 
9,206 sq. ft. per acre, i.e. the projected crown area was 21-1 per cent. of the ground 
area. In 1959 this crown area was 17,992, or 41-3 per cent. of the ground area. So 
the increase in § years has been 8,786 sq. ft., or 95 per cent. of the 1955 crown 
projection area. ‘The increase is mainly due to the growth of branches laterally, 
but it might also be influenced by the branches falling or the decrease of the 
branch angles. But this effect is likely to be relatively small because the young 
shoots of the older branches continue to grow upwards. 

Table II gives the average distances from the centre of the stem at breast height 
to the projected edge of the crown. In order to determine the actual projection 
of branches it must be taken into consideration that on average the trees are 
leaning 13° to the east and the live crown starts on average at 30°6 feet. 


Taare Il. Average crown projection in feet, measured from the centre of the 
stem at breast height 
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The shape of the average crown projection is oval, with a bigger diameter in 
north-east to south-west direction. The smallest distance between the centre of 


he stem at breast height and the projection of the average crown edge of §3 trees 
was 3°7 fect in 1955 and 7-2 feet in 1959, ina NWW. direction from the stems; but 
the largest distance was 11-3 feet in 1955 and 13-7 feet in 1959 in a NEE. direction. 
On average the crown edge from north-west to south-west has expanded more 


than the edge on the opposite side. The differences in measurements have been 
tested statistically and they fall below the § per cent. level of significance. It is 
likely that in an even aged Japanese larch stand with close canopy the damage to 
the crowns caused by neighbouring trees is greater on the windward side than on 
the leeward side. And under the conditions of free growth, in which the trees are 
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now standing, the recovery of the crowns is taking place on the windward side 
particularly. 

Fig. 3 shows the relationship between the crown projection area and the basal 
area of the tree. The lower line refers to the measurements made in 1955 and the 
upper line to the measurements in 1959. Both these lines are calculated by the 
least squares method. Due to the small number of trees and the considerable 
fluctuation in the crown projection area, the calculations of the linear equation 
have not proceeded further. The regression coefficient of the 1959 line is larger 
than that of 1955, but the statistical study shows that they do not differ signifi- 
cantly. 
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Fic. 3. Relationship between crown projection area in sq. ft. and basal area sq. in. q.g 


The increase in the crown projection area has been remarkable during the 
§ years. For instance, in 1955 a tree with a basal area of o-5 h.ft. at breast height 
had an average crown projection area of 250 sq. ft., and in 1959 a tree with the 
same basal area had a crown projection area of 361 sq. ft. Due to underplanting it 
is important to know how the crown expansion of the upper storey will continue 
in the future. If it could be found that the branches of the larger crowns have a 
smaller lateral increment than the branches of the smaller crowns, then the upper 
limit of the crown projection area could be estimated. The regression of the lateral 
increment of branch in § years on the branch length in 1955 has been computed. 
The calculated regression coefficient appears to be negative, but very small 
(branches about 30 feet long have no lateral increment), and it is not significant. 
So it can be assumed that the crown expansion will proceed at the current rate 
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and the crown projection area will be about 60 per cent. of ground area at the end 
of the next § years. 

In order to understand how the four variables, (1) stem volume in 1955, (2) stem 
volume increment during 5-year period, (3) the surface area of crown in 1955, i.e. 
the cone surface excluding the base area, (4) the increment of crown surface area 
during the 5-year period, are related to each other and what importance can be 
attributed to these relationships a statistical analysis has been carried out by means 
of total and multiple regressions (Snedecor, 1946). In these calculations stem 
volume increment during 5-year period has been always taken as the dependent 
variable. The calculations show that when the crown surface area in 1955 appears 
in the regression alone as the independent variable, or together with the crown 
surface increment, its regression coefficient is positive and significant. But when 
the volume of stem in 1955 is also introduced into regression as independent 
variable, the regression coefficient of the crown surface area of 1955 becomes nega- 
tive and it is not significant any more. 

This means if the tree classes could have been formed according to criterion 
(a) the tree volume in 1955, or (4) the tree volume in 1955 and increment of crown 
surface area during 5-year period, then within these classes the regression of the 
volume increment on the crown surface area 1955 would have been predominantly 
negative and insignificant. This may be because in the inner (i.e. the shaded) part 
of the crown the consumption of food, through respiration and cambial activity, 
is greater than the production of food through carbon assimilation. 

The increment of the crown surface area as a variable has retained the same 
meaning in all calculations. Mathematically it is only slightly correlated with other 
tested independent variables, and, therefore, in the volume increment estimation 


they have only little influence on its significantly positive regression coefficients. 
In the volume increment estimation the crown surface area increment as a variable 
is in a better position than the surface area of the crown and the stem volume in 


1955. The last two variables are measured at the beginning of the 5-year period, 
but the first one, the crown surface area increment, has been recorded during the 
same time when the volume increment production has taken place. 

From the variables studied the high values of the volume increment during the 
period show the closest association with high values of the stem volumes at the 
beginning of the period, the total correlation coefficient being 0-64. The estima- 
tion of volume increment by means of (a) stem volume in 1955, and (4) crown 
surface increment during the 5-year period shows that the correlation coefficient 
increases up to 0°75. The introduction of the crown surface area in 1955 into 
regression as third independent variable does not increase the multiple correlation 
coefficient any more. 

It is known that the size of a tree does not give the best information about the 
latest course of its growth. And it could be expected that in forecasting the volume 
increment, the current annual volume increment at the beginning of the period 
as a variable would diminish the importance of the variables (a) stem volume in 
1955, and (}) the increment of the crown surface area. Nevertheless, in thinning 
practice we usually do not know the current increment of a stem and therefore 
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it is convenient to use the size of the tree as a criterion. In forecasting volume in- 
crements of trees of the same size, the crown size does not give extra significant 
information. But if one learns to recognize the potentiality of crown expansion, 
this knowledge would improve the results of forecasting. 
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THINNING PRACTICE 


M. J. PENISTAN 
SUMMARY 

The development of thinning methods in the plantations of New Zealand, Australia, and 
South Africa is briefly described and discussed in terms of relative spacing with reference to 
British practice, especially crown or free thinning. Maintenance of long crowns of at least half 
total height is considered essential and until more data are available from sample plots the 
simple rules of the Scottish Eclectic Thinning method are recommended, especially where 
pruning is done (J. A. B. Macdonald, ‘Crown Thinning in Practice’, Scottish Forestry, vol. vili, 


no. 2, 1954). 


1. INTRODUCTION 

N 1955-6 the writer spent a year in New Zealand, Australia, and South Africa. 

He is ever indebted to the Forestry Commission and the Nuffield Foundation 
for making this possible. The main study was the management of extensive conifer 
plantations, and this article sets down some observations on the thinning problems 
and methods seen. They are presented by one who is both by persuasion and in 
practice a crown thinner. It is now some time since he returned and developments 
of practice, of which he does not know, may well have taken place. Where possible, 
however, the notes have been brought up-to-date from reports and correspondence. 

In the southern hemisphere, in lower and warmer latitudes than those of 
Britain, the rate of growth greatly exceeds that met here and in Europe. Rotations 
for the production of sawlogs 22 feet by 12 inches top diameter range between 
30 and 50 years. Annual height and volume growth is much greater. ‘The Euro- 
pean forester tends to boggle at the early onset of thinning. The stands when 
visited, however, look much as his look, grow much as his grow, and have similar 
stocking at given heights. Comparisons are made, therefore, between stocking at 
a given height rather than at a given age, and the figures illustrate this. 

In general, too, volumes yielded at thinnings tend to be greater (though not 
always); a reflection of the need to deal firmly with the rapidly increasing stand, 
which recovers its volume and loses its individual stem girth increment at a much 
greater rate than in this part of the world. 

Apart from New Zealand, where Douglas fir (Pseudotsuga taxifolia), Corsican 
pine (Pinus nigra var. calabrica), and European larch (Larix decidua) flourish, the 
conifers grown are relatively strange to British foresters. Wherever sites for 
P. radiata, a truly remarkable pine, can be found, this species is preferred, but as 
conditions become more sub-tropical it is succeeded by the southern pines (chiefly 
P. elliottii) and the Mexican P. patula, which emerge as the most successful from 
a large number of species tried. On poor more temperate sites P. pinaster, which 
has a foothold in England (as has radiata), takes its place. P. radiata, besides being 
a phenomenally rapid grower (140 feet total height in 30-50 years), and producing 


a splendidly versatile timber, is relatively tolerant, and could be compared with 
Douglas fir for performance in a stand. Stands tend to ‘thin themselves’ and to 
contain 80-100 well-crowned predominants per acre when 50-100 feet high. The 
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southern pines and pinaster lose their crowns much faster—stands behaving as we 
would expect the larches and Corsican pine to behave. P. patula is far less tolerant 
than these. We have no equivalent to this tree which develops a rounded top in 
middle age (c. 80 feet total height). 

There were two quite separate circumstances in the plantations visited: 


(i) In New Zealand, South Australia, and New South Wales a wide range of 
ages of unthinned plantations existed and utilization development began from 
these. There was, therefore, no urge rapidly to reach a utilizable size, and total 
volume production was of more interest than log size, though everywhere the 
small log is a problem. 

(ii) In Queensland, Western Australia, and South Africa intensive thinning to 
fit an object of management is practised with no such background, and some of 
the most novel practice has developed there. 


The usual European concept of thinning as a silvicultural operation for im- 
proving stands and ensuring their continued health and development is often 
incidental. Thinning is for defined specifications, and appears revolutionary to 
the European forester. It is somewhat counter to concepts of growing stock and 
increment from a silviculturally balanced forest held here. The ways in which both 
silvicultural and managerial problems have been tackled are most stimulating to 
the European forester. These are described and the lessons to be learned from 
them discussed. 


2. NEW ZEALAND 

Little will be said of Douglas fir, Corsican pine, European larch, or of other 
exotics apart from Pinus radiata. Most stands have only been lightly thinned 
(B grade) and little of these has been planted in comparison with the huge areas 
of P. radiata established after 1925 until recently. The problem to the thinner of 
these species is much like that which faced the forester tending the serried stands 
in Britain neglected in the war of 1939-45. There has been very bold and hearten- 
ing treatment aimed at succouring the remaining relatively long crowned domin- 
ants. In that remarkably favourable region for tree growth, Rotorua Conservancy, 
where wind-throw is not common, some tremendous and successful salvage thin- 
ning has been done. Thus Douglas fir, planted at 6 feet by 6 feet, has been thinned 
at 40 years (70-95 feet) to 220 stems carrying 3,100 cu. ft. (Hoppus) per acre, 
yielding in one thinning 3,100 cu. ft. (Hoppus) per acre. Similarly, Corsican pine 
planted at 4 feet by 4 feet has been reduced at 40 years (60-80 feet) to 280 stems 
with a volume of 3,100 cu. ft. (Hoppus) per acre, and has yielded in the thinning 
4,700 cu. ft. (Hoppus) per acre. These drastic thinnings are the only possible 
treatment and are a credit to the foresters who prescribe and carry them out. They 
secure most of the increment of both species which would otherwise be lost in 
mortality, and make conditions for a very satisfactory continued ring width of 
8 to the inch to provide high grade framing timber. In intensively managed 
forests, a second thinning will reduce the stems per acre to 100 for Douglas fir and 
120 for Corsican pine. 
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P. radiata is the main tree of general practice, both in state forests and private 
woods. Thinning, outside the few forests in country districts, has always suffered 
from lack of markets, and, as usable stands have developed with little tending, 
little attention had been paid to uneconomic improvement. Thinning where 
labour was available consisted of winning firewood to keep it warm and little 
positive work had been done. Sample plot work first followed the lines of European 
practice, but the tremendous speed of growth of P. radiata and the need for some- 
thing more drastic than B, C, D, or L/C grade thinnings at short intervals has led 
to the abandonment of these grades and the adoption of mathematical grades. 

distance between trees x 100 





(Hummell, 1953) is used, 


Relative spacing per cent. 


top height of stand 
and is shown in Figs. 1 to 9. The grades are: medium (19 per cent.), heavy 
(23 per cent.), and very heavy (27 per cent.). These have been stated by Lewis 
(1959) to be near C/D, D, and E grades in British practice in Norway spruce 
(Picea abies). Thinning at each §-year stage reduces the stand to the indicated 
spacing. The main stand stems are first chosen and these are naturally the best 
formed and healthiest. Stands are observed for vigour, health, and production 
and an indication of ideal practice gained for the site on which plots stand as well 
as for the species in general. This form of ‘bracketing’ treatments awaits the 
results of a rotation, which may be up to §0 years, but it is likely that 30 years will 
be enough to give the main index. It is already apparent that the 100 largest trees 
suffer no loss in growth with no thinning to a top height of §0 feet (c. 10-15 years), 
nor is there an increase in mortality (Anon., 1958). 

Thinning must also be conducted preferably to provide produce in worthwhile 
quantities; though this aspect is little studied yet, while there are still big areas of 
other species due for thinning giving the yields already quoted. Where there is 
little prospect of use of intermediate fellings (and this is true of very large areas) 
the Pathologist of the Forest Research Institute, Mr. G. B. Rawlings, has inspired 
a treatment aiming at choosing 100 stems per acre at the first thinning (height 
¢. 45 feet) and felling only round these to ensure their continued predominance 
and health. This practical approach has parallels in Danish practice (wait and see 
method in Heiburg, 1954), but must also await results. 

It is obvious to any forester that the New Zealand radiata plantations need 
thinning. Growth is very strong and branching heavy, so that close spacing is used 
(6 feet by 6 feet planting). Nevertheless the number of malformed trees which 
develop and predominate can be high, while a large number of dominated stems 
linger on. With the rate of growth bamboozling early research methods and with 
some 250,000 acres unthinned, the Conservancy Forester in Rotorua, Mr. J. Ure, 
first sought an answer to the thinning problem by adopting methods used by 
Craib in 1939 (Craib, 1939). Using the total yield table available Ure worked back 
from mature stands for stockings based on the dimensions of ride side trees which 
he assumed could be grown in close stands of the same age when thinned (Ure, 
1949). The stands, which stood dense and unthinned, became infested in 1946 
with a small woodwasp, Sirex noctilio, from imported European timber, follow- 
ing a severe drought. Between 1946 and 1949 an epidemic raged through the 





152 FORESTRY 


Dominion causing wholesale deaths among the poor stems of the serried stands. 
It did not prove a disaster, as death was nearly always limited to defective, mal- 
formed, or suppressed stems, and by a stroke of providence the best predominants 
survived and have put on tremendous growth. The tendency, however, is for 
radiata to build up its basal area in closed stands in New Zealand very rapidly to a 
critical area of c. 160 sq. ft. (Hoppus) when mortality sets in and they become vulner- 
able to any pathogen, so there has been a very timely warning that thinning on 
hygienic grounds alone must be done. Ure accordingly tackled the problem from 
a new and original angle. He found the numbers of healthy live stems at all ages 
in two unthinned forests. He drew from the results ‘mortality curves’ which 
showed for different stockings the number of surviving stems per acre. From these 
he was able to design thinning régimes which would cut all the stems which would 
be dead before the next thinning was due. Most of the newer stands have been 
naturally regenerated, and a thinning to 1,000 stems per acre is done by slasher 
when the height of the crop is 10 feet in the third year. When the height reaches 
about 30 feet, and before it reaches 50 feet, it is thinned to 200-50 stems. Econo- 
mic considerations and the need to prune at the same time led him to specify a 
height of 40-45 feet (8-10 years) and the pruning of 100 stems per acre. ‘This 
thinning yields 785 cu. ft. (Hoppus) of pulpwood to 4 inches top diameter per 
acre which is as present unsaleable. (The cost is c. £20 per acre which is easily 
repaid at 4 per cent. by improved produce and yield.) The third and final thinning 
would be made at go feet top height or about 20 years. This would leave 80 of the 
finest stems per acre, and would yield about 2,000 cu. ft. (Hoppus) per acre which 
would be saleable. The remaining stems would grow on to 30-40 years before 
felling, free to put on maximum increment over the pruned core (Ure, 1953). The 
treatment is shown graphically in Fig. 1, with the approximate curves for the 
relative spacing régimes used by the Research Institute. The weight of thinning 
shown by the main stand stems per acre after thinning is heavier than the very 
heavy (27 per cent.) grade but, should market conditions vary, the number 
of thinnings can be increased and the weight would then perhaps be reduced to 
a more normal one of ¢. 1,000 cu. ft. per acre. Thinnings of this weight in Britain 


without preliminary treatment are inconceivable, though the final stocking is near 
ours and the stocking heavier prior to the last thinning than all our régimes. ‘Vhe 
weight of thinning naturally is affected by the reaction of growth. That radiata 
reacts well to this régime is obvious from stands seen, and the measurements of 


plots have borne this out. In fact, the satisfactory growth between second and 
third thinnings points to the pruning of more trees at the second to provide an 
intermediate yield of knot-free sawn timber at the third (Ure, 1959). 

In the cooler, more temperate, but sometimes extreme climates of South 
Island, less heavy thinning, where any is done, is the general rule. ‘Thus, in the 
plantations of g feet by 8 feet radiata ot the Selwyn County Plantations Board, 
first thinning is to 350 stems per acre at ¢. 70 feet (20 years), and similar stockings 
are aimed at in State Forests. Pinus radiata is a less extravagant grower in the 
south, with its energies concentrated on upward rather than outward growth 
which makes denser stockings silviculturally possible. ‘There is less fear, too, of 
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epidemic troubles. Thus Grayburn in his working plan for the Pomahaka Forests 
follows the régimes worked out in South Australia. 
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Fic. 1. Thinning régime for Pinus radiata. Rotorua Conservancy, New Zealand. John 


Ure, 1953. 


A different solution to the mortality problem has been proposed by J. Henry of 
New Zealand Forest Products Ltd. (Henry, 1957). So long as thinning plots show 
that reduction of Sirex affected stands to 80 stems per acre at ¢. 80 feet gives 
a healthy and productive stand, the likelihood of any extensive thinning in the 
company’s plantations is slight. As elsewhere the basal area of P. radiata increases 
without thinning to an area of 160 sq. ft. (Hoppus) after which mortality halves it 
(exceptional basal areas of 270 sq. ft. (Hoppus) occur in areas unaffected by Sirex 
but the stands are tremendously overstocked). If the dense stand, which has been 
untended after cleaning as regeneration, be cleared at 18-20 years a yield of 5,100 


3355.2 M 
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cu. ft. (Hoppus) of pulpwood to 6 inches top diameter can be had. This volume 
excludes 25 reserved standards per acre (1,780 cu. ft. (Hoppus)). Growth studies 
on standards left from stands already logged show that these will grow on to 
20 stems containing 3,140 cu. ft. (Hoppus) in free growth over a new dense stand 
of pulpwood in 20 years. There should be no loss in mortality, which at present is 
very heavy. This pulpwood with standards method has a possible mean annual 
increment of 412 cu. ft. (Hoppus) per acre. Ure’s thinning should yield 323 cu. ft. 
(Hoppus) per acre per annum. How successful growth untended to 18 years (c. 
go feet) will be in future may be doubtful, but the method provides a simple 
solution to a very vexing problem, and elsewhere there is evidence that two-storied 
high forest has considerable advantages over even aged stands—especially when 
high quality timber is being produced in stands which have a low volume produc- 


tion (Hiley, 1960). 


3. SOUTH AUSTRALIA 

As in New Zealand there have been extensive plantings of Pinus radiata. 
Although the climate is much more Mediterranean with summer droughts, the 
growth of radiata on better sites is quite comparable with New Zealand. The form, 
however, is better; branching is less luxuriant, and crowns are narrower and just 


as long. As in New Zealand too, a first rotation of plantations has grown up and 


been utilized without thinning. Moreover, there has been no Sirex loss, though 
this is feared. On the other hand, early nutritional troubles caused a fairly strong 
selection of vigorous stems on some sites and there is evidence in the older stands 
of rates of growth consequent on lighter stocking or freer crowns. 

In written evidence before a Royal Commission in 1936 on management and 
utilization development, with pulp production especially in mind, the late Lord 
Robinson said, ‘No thinning is worth the name unless it breaks the upper canopy’. 
Following on this Commission, thinning research was undertaken by N. W. Jolly 
(1950). Plots were laid down throughout the plantations of the south-east to gauge 
growth and the response of stands to various thinning treatments. What little 
earlier thinning had been done was low and negative, concentrating on the removal 
of suppressed and badly damaged trees. In Jolly’s plots, stands were reduced by 
given amounts or to specified numbers of stems per acre. To the British and 
European forester this numerical approach to thinning research is strange; using 
programmes of reductions of stems to various predetermined numbers per acre 
at given ages on different sites. The silvicultural and volumetric results are ob- 
served in the course of remeasurement. Treatments are not guided by silvicultural 
considerations, other than very wide ones, nor are they generally designed to 
produce a given specification of timber. The style of thinning remained constant, 
being concentrated in the first instance on the removal of malformed trees and, 
thereafter, on the spacing of dominants. Policy was the maximum volume produc- 
tion per acre; pulpwood below § inches diameter, as well as sawlogs and board, 
was to be produced. For this reason very early heavy thinning was abandoned, 
after 2 years. In his report Jolly found that, in fact, very early thinnings had little 
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effect on the diameter of his final stand trees (240-60 per acre). This reflects the 
great vitality of P. radiata in south-east South Australia. Moreover, heavy deduc- 
tions of basal area by early unremunerative thinning have taken up to § years to 
overhaul, indicating a loss of possible pulpwood production. The higher the site 
class the less effect thinning appeared to have, and any restriction of basal area was 
not easily overtaken. Jolly, therefore, recommended thinning more for stability, 
and for the harvesting of stagnant capital in the dominated trees on the good sites. 
The real reason for lack of response there is more apparent in the forest than in the 
figures. Crown competition is intense with the rocketing height growth on the 
best sites and most dominants are already limited in crown size by intercompeti- 
tion by the time first thinning was prescribed. They were, therefore, less able to 
react quickly to the reduction in stocking. The lower the site quality, the less 
critical is the time for thinning and the greater is the crown length at thinning, 
so that the remaining stems are better able to continue good volume production. 
Although we grow trees that are less rapid in height growth, a similar situation 
arises in thinning if growth on individual trees is to be maintained. The time in 
which crown length decreases from §0 per cent. or over in a fast-growing stand 
is much greater than in a slow-growing one given the same canopy structure. The 
calculated ring width in the 100 largest trees according to Hiley and Lehtpere 
(1955) shows this—the slower growing (in height) stands of Sitka spruce (Picea 
sttchensts) have fewer rings per inch in their bigger trees than have the faster, as, 
presumably, the dominants are less suppressed than in tall stands. 
Taste I. Number of rings per inch in the 100 largest trees: figures calculated by 


Hiley and Lehtpere (1955) from Revised Yield Tables for Conifers in Great 
Britain 
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Jolly’s observations on later thinnings all point to better results for heavier 
marking, and lighter main stand stockings. The density of stands is always rather 


high, but the production of 8 rings per inch in 38-year-old trees on the lower site 


class IV testifies to the tolerance of P. radiata standing at 180 stems per acre. 
His recommendations have in mind initial spacing, the effect of thinning on 
volume production and the danger from wind. He asked for 6 feet by 6 feet spacing 
for site 1, 7 feet by 7 feet for site II, and 8 feet by 8 feet for sites III and IV. The 
dense stockings were to provide a choice of good stems, malformation being more 
rife in the faster growing stands, and to give the highest volume of small logs. 
‘Today there is still a poor outlet for these (they are unpopular with sawmiller and 
pulper alike), and the current tendency is toward wider spacings, so that the 
quantity of small wood produced is less and the onset of critical competition in 





156 FORESTRY 


the crowns is delayed, giving more scope to the manager. The time available to 
the forester for thinning on the very fast-growing sites which are unstable and 
most densely stocked, is very short. This circumstance is not unknown to British 
foresters who thin densely planted stands in highly productive sites. 

Older stands showed full volume production on 300-400 stems per acre up to 
20 years. Thereafter a reduction to at least 300 stems and, better, to 250 stems 
per acre was needed to maintain it. Stability became crucial in the faster growing 
stands and a thinning seemed essential before the top height reached 70 feet, and 
preferably while it was at 60-65 feet. Based on these observations and the need to 
provide some 785 cu. ft. (Hoppus) at each thinning, the following schedule was 
drawn up ‘not as a definite instruction, but as a guide to future thinning practice 
down to a stocking of some 150 to 200 stems per acre’. 


Taste II. N. W. Folly’s thinning schedule for Pinus radiata in south-east 
South Australia (40-year rotation) 





Residual stand/acre_ ; 350-400 | 275-325 | 200-50 





Age to thin in years 
Site qualityI  . ‘ ‘ 1-11 14-15 1g-20 
ms . ‘ ‘ 12 17 22 
It. ‘ . 13 19 25 
aa ‘ P 14-15 21-22 28-29 
ae , ‘ 16-17 23-24 30-31 








The ages for the first three thinnings are based on height growth, it being con- 
sidered that stability demanded progressive reductions of numbers of stems before 
the stand reached 100 feet top height. The crown variation at given ages of the 
stands on different site classes has been mentioned, and was commented upon by 
Jolly. The schedule can be more simply stated in terms of main-stand stems per 
acre at given heights, and is, in fact, a universal schedule for all sites in South 
Australia. 


Taste II]. N. W. Folly’s thinning schedule for Pinus radiata in south-east 
South Australia in terms of main stand stems per acre and stand height 





Main stand height (feet) : 63 97 11s 
(60-65) 5 (95-100) (110-20) 





Main stand stems/acre . F q 3 226 17 
(200-50) (150- 

















These figures are shown graphically with J. Ure’s schedule in Fig. 2. It will be 
seen that a much greater number of stems can be carried for a given height than 
in New Zealand. The first thinning takes malforms, the second aims at giving 
space to the best trees. If big diameters are needed, Jolly prescribed 50 per cent. 
crowns, otherwise 40 per cent. would suffice. 

The designing of this schedule is given at length as it shows how, with maximum 
production as the object, the data from plots have been applied with due regard 
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to stem form and stability of stands to give a guide to markers. It was designed 
when there was already ample growing stock in the country and when increment 
was more important than the rapid attainment of sawing size. 
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Fic. 2. Thinning régime for Pinus radiata. South Australia, Jolly, 1950. Superimposed 


on Ure’s 1953 régime for Rotorua. 


The schedule has been tested carefully in subsequent sample plot work (Lewis, 
1957) and has given good results in general practice in that it has produced stable 


stands and a yield at each thinning of satisfactory, economic volumes per acre 


rather above those laid down. The application tended to be rather automatic in 
some plantations, the reduction being exactly to the level prescribed by the 
number of thinning due, even when this was 2 years or more overdue, instead of 
attempting to reduce stocking to that appropriate to the current height. The best 
forester, however, instructed his markers to mark first with regard to the needs of 
the stand for crown development and stability and to count afterwards, and in 
this way was achieving very good results. The sample plots show that the heavier 
side of Jolly’s schedule gives highest volume, and the stands so created are the 
healthiest and most vigorous of the plantations. To the crown thinner the 
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practice used by Jolly and continued today, of marking low thinnings, average 
grades represented by arbitrarily chosen numbers of main stand stems over a range 
of say 50-200 per acre, seems needlessly artificial, but the results, assessed as they 
have been by Jolly, who was an inspired silviculturalist, are of very practical use. 

Modifications will be needed now that there is a premium on larger logs, and 
small wood is still a problem. This problem has been studied also by the Australian 
Forestry School under Dr. M. R. Jacobs. He has demonstrated that wider initial 
spacings lead to earlier larger board sawlog production and has also made crown 
thinnings. One plot (Penola, 19482) was heavily crown-thinned to chosen stems 
at the outset. This produced a high yield of larger board logs at the first thinning 
and allowed the smaller, dominated stems to grow on. That they can do this was 
observed by the writer to be shown by the relative diameter growths of individual 
stems in older sample plots whica have been top-thinned ; long crowned but smaller 
diametered trees grow currently faster than shorter crowned stems in the top 
canopy with a larger diameter. It is even more dramatically shown in private 
stands where, at the first opportunity, at 12 years, all stems were cut in every third 
row and all the usable stems in the other two. The stand at 20 years was an 
excellent one of nice stems with free crowns in good order and a steady rate of 
growth. Most practical experience of crown thinning is in terms of this exploita- 
tion of predominant fine stems, especially in older stands. The idea of thinning to 
80 or so select stems per acre, removing competing predominants, had not been 
much tried. It has an obvious application on the best sites where the time of 
thinning of closely planted stands is crucial. A little of this style of marking was 
done during the writer’s visit and attracted considerable interest. 

A schedule like that of Jolly’s, but a little heavier, has been applied in Southland, 
New Zealand, to stands which in their health and form are somewhat similar to 
those of South Australia. So are those in the relatively small areas of P. radiata 
in Western Australia. Here a heavier schedule reflects the reduced tolerance of 
that tree in the poorer sites and more marginal climate. 


4. CANBERRA AND NEW SOUTH WALES 

In the uplands below the Australian Alps the climate is just moist and temperate 
enough for Pinus radiata. It is in marginal conditions at Canberra and thinning 
is aimed solely at giving full scope to vigorous trees. A three-year cycle is followed 
and the aim is to remove sickly trees suffering physiological drought effects, such 
as top dying. Here is quite straightforward and heavy low thinning successfully 
applied in a favourable marketing situation. Early selection is limited as planting 
distances are between g feet and 12 feet. The increment is still high, however, and 
thinning of this style may yield 80 cu. ft. (Hoppus) per acre per annum or two- 
thirds of the current annual increment. Volumes are not binding to the marker 
however. Hygiene is pre-eminent. There are parallels with European larch thin- 
nings in Britain. 

Rather better conditions are found nearer the mountains and at Tumut. As in 
South Australia early stands received little tending but here treatment began 
much later (1947). There has been little research on grades and yields. Some of the 





PENISTAN—THINNING PRACTICE 159 


stands are magnificent with enough tall long-crowned predominants after 20 years 
of growth unthinned to make prime woods. Marketing is only just developing and 
the full thinning and felling yields are still expanding. While a big growing stock 
already exists, thinnings tend to start late at 70 feet dominant height in stands 
of 350 stems per acre, reduced already by past frost and rabbit damage. The 
reduction at this height is to 250 stems per acre. In § years time at 82 feet the 
main stand is 150 stems per acre and at 91 feet (30 years) the final stand of go stems 
is reached. No universal rule exists and the forester can concentrate on making the 
best of his stands by using his discretion in progressively reducing the stems to the 
final level, concentrating on the free growth of those stems. This follows wide 
spacing at planting. Whether the establishment of two modern sawmills and the 
proposal to follow up with a particle board mill will lead to earlier thinning will 
be interesting to see. Silviculturally, the present treatment is very satisfactory and 
thinning is made with the final 80 stems per acre in mind. 


5. QUEENSLAND 

Conditions are generally unsuitable for Pinus radiata which is limited to the 
high tableland nearest New South Wales. Conifer plantations are of the native 
hoop pine (Araucaria cunninghamii) wherever suitable sites can be found, but use 
is made of the Southern pines, chiefly of slash pine (P. elliottii) to make up the 
necessary area of conifer plantation. Queensland’s plantation history is short but 
has been planned and deliberate from the outset. There has been for a long time 


a lucrative market for veneer timbers both of fine tropical hardwoods and of the 
large, clean-boled pale, even-textured conifers Araucaria and Agathis—(kauri). 
Natural regeneration of conifer forests or stands having proved abortive a very 
active Forest Service has successfully evolved plantation techniques. The main 
object is the production of clean veneering logs as fast as possible, the smaller 
thinnings being cut to box shooks and block boards. Pulping and particle board 
manufacture has been so far avoided in view of the larger amount of capital in- 
volved, and successful sawing methods based on careful mill study have been de- 
veloped to help the sawmilling trade. 

With the accent on quality and the rapid achievement of peeling size, treat- 
ment and tending is focused on good stems from the outset. Provenance testing 
and tree-breeding is in an advanced stage, and seed collection is rigorously con- 
trolled. Selection of good stems begins in the pruning procedure, which has been 
devised to ensure that 240 stems per acre are pruned to 8 feet when the top height 
is 20 feet. Subsequently pruning is carried up to 16 and then 21 feet in 4 foot lifts, 
on 160 trees when they are 10 to 13 years old (c. 40 feet). The method used is 
standardized and is known as the Queensland Eclectic method. It is applied in 
Central Africa and, in a modified form, in parts of New Zealand. The result is 
that when thinning is due at §0 feet top height, there are 160 high-pruned stems 
boldly banded in white paint. 

Both slash and loblolly pines (P. taeda) are very intolerant and lose their crowns 
quickly in canopy. Branching tends to be wide. Trees of analogous behaviour in 
Britain would be Japanese larch (Larix leptolepis) or hybrid larch (L. europelss). 
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A crown thinning is marked in which all predominants alongside and equal in 
height to or higher than the pruned trees are removed, together with enough 
other merchantable stems over 4} inches q.g.b.h. to raise the volume cut to at 
least 380 cu. ft. (Hoppus) per acre. Work study has shown this to be a paying 
quantity. Unmerchantable trees are left to grow on into useful sizes. The height 
index for the second thinning has yet to be established: it will probably be in the 
neighbourhood of 70 feet after § years and will remove all unpruned stems, while 
a further thinning would reduce the stands to 80 stems per acre. The impression 
got of slash pine stands in second and third thinning was of adpressed crowns 
and of competition between pruned stems. Some stems appeared only to have 
been chosen to keep up the prescribed number of pruned stems. Discussion with 
foresters then and later has shown that the thinning to as high a number of 
chosen trees as 160 per acre has led to subsequent competition, and a reduction in 
clean timber production on the eventual final stand trees is admitted, and the treat- 
ment will be amended. That there is so constructive a prescription at so early a stage 
with no older stands to work on is admirable, however, though little is left to the 
forester’s initiative—prescriptions all being made by research staff. A forester 
with experience of older stands would be happier with fewer selects—in other 
words, the crown thinnings should aim at the predominance of few stems. With 
present spacing 80 stems per acre should be enough. In this way, it should be 
possible to delay the crown competition between dominants much longer and to 
leave the fewer chosen trees with all the growing space needed to produce the 
greatest amount of straight, clean, useful timber outside the juvenile core. Whether 
sub-dominants can be kept longer is hard to know, but the quantity of larger 
merchantable logs in the early thinnings would be greater, and it should be pos- 
sible to raise the minimum log size in the first. This difficulty of crown thinning 
to too many trees has been dealt with by Macdonald (1954). 

In hoop pine, which is much more tolerant and just as vigorous, rather more 
choice trees than 80 per acre may well be chosen, though there are signs that 
thinning to 160 per acre after thinnings gives competing predominants. Thinnings 
disposal is not too difficult, and is much more easy in the few plantings of kauri, 
which is self-pruning. Difficulties in disposing of slash pine first thinnings are 
being avoided by thinning to waste by slasher before pruning starts. The eclectic 
method is used again, but this time the worst trees are chosen and cut. This hastens 
diameter growth on the remaining 400 stems per acre (planting at 8 feet by 8 feet 
gives 680 stems per acre). This will be avoided when stock of tested progeny 
makes 10 feet by 10 feet planting possible. 


6. SOUTH AFRICA 

The climates of the Union in which conifer plantations are made, vary from the 
Mediterranean winter rainfall and temperate all the year rainfall of the Cape, 
through summer rainfall subtropical conditions in East Transvaal, to tropical all 
the year rainfall on the Natal coast and in the far north-east. 

The number of sites suitable for Pinus radiata are few and limited to the Cape. 
P. pinaster is the predominant conifer there on the prevalent poorer soils. 
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P. elliottit and P. taeda are much used in the summer rainfall areas of Natal, but 
wherever conditions will favour it, the Mexican P. patula is planted. This is now 
the main species of the great new afforestations in Swaziland and the Eastern 
Transvaal. 

As in Queensland, the size and type of log to be produced in plantations has 
been laid down. The stands are relatively young and planting is being pressed on. 
Craib’s exhaustive and persuasive presentation of the case for management 
schedules to produce a desired size of log was published in 1939 (Craib, 1939). 
Subsequent developments have been described in Hiley (1959) but a short review 
of them from the point of view of the crown thinner is given here. 

Craib had done important work on the growth of wattle, and shown how his 
findings could be applied to silviculture (Craib, 1934). He was concerned chiefly 
with the behaviour of trees before the onset of competition, and pointed out that 
most of thinning research is concerned with the behaviour of trees ‘growing 
in the zone of suppression’. The dominants of a stand are rarely absolutely do- 
minant but only comparatively so. In unthinned stands dominants may well be 
strongly suppressed, compared with a free-growing stem. He was convinced that 
suppression as shown by a diminution in diameter growth at breast height was 
irrevocable in exotic conifers as in wattle, and that recovery, which is familiar to 
European foresters, and, in fact, to anyone who studies growth rings in fairly 
tolerant trees, was seriously impaired by competition. It was imperative, there- 
fore, that growth should be unimpaired in young stands if a sawlog 18 inches 
diameter at breast height containing a high proportion of clean timber should be 
produced. He had the sample plot data for exotic stands in the Union and pre- 
pared from them age-diameter at breast height, and age-predominant height 
curves. He also had standard volume tables for diameter and height classes. The 
existing data showed that diameters of 18 inches at breast height could be got for 
the main species (P. radiata and P. patula) at 30, 40, and §0 years for first, second, 
and third site qualities. The rotations for P. pinaster were 40, 50, and 60 years. 
He assumed the final volumes per acre at rotation age would be unchanged and 
could, therefore, calculate the number of stems per acre at the end of the rotation 
from his age-height curve, and a breast height diameter of 18 inches. He followed 
the intermediate yields and the years of treatment of previous practice, and using 
the age-height curves, and diameters adjusted to the new final felling diameter 
(18 inches) he worked out the number of stems to be removed as thinnings, in 
round numbers. The number of trees needed to start a plantation he did not 
consider should exceed four times the final stocking and, as it was known that 
canopy formed quickly and at quite wide spacing, he took g feet by g feet (537 
stems per acre) as the starting espacement, to reduce early diameter suppression. 

The schedules for top site qualities in P. radiata and P. patula corresponded 
closely to those already developed by the research officers of the regions concerned. 
For P. pinaster on all sites, and for P. radiata and P. patula on medium and lower 
sites, current practice gave diameters at rotation ages less than 18 inches. A drastic 
reduction in the number of stems per acre throughout the life of the stands was 
needed, therefore, to achieve the size needed. This indicated fewer thinnings to 
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be cut and fewer trees to plant to give the desired final stand. Thus the lowest 
sites of P. radiata and P. patula and all sites of P. pinaster were to be planted at 
12 feet by 12 feet. Early thinnings were avoided and the total yield was somewhat 
reduced. 
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Fic. 3. Thinning régimes applied in State Forests in South Africa, 1956. 


The use of wide spacing involved pruning. This was already done, but growth 
after pruning was not enough to pay for it by clean volume in all but the fastest 
growing sites. With fewer stems to prune and a greater diameter increment, 
Craib was able to calculate a satisfactory return for all species on all sites. 

The postulation of eight times the price of the smaller logs for the biggest logs 
has not so far been realized (for latest prices see Hiley (1959), p. 99), nor is the 
production of clean timber very great. 

The detailed and reasoned case for the new treatments and their application to 
the economic production of the Union’s plantations carried great weight. The 
forecast production of a much greater proportion of large logs, the greater growth 
on pruned stems and the production of an equal volume but of larger thinnings, 
were all desirable. 

The schedules were revised in 1947 (Craib, 1947). His earlier belief that Portu- 
guese P. pinaster would give better height growth and yields was confirmed. 
Wider planting on poorer sites had given good results save with P. pinaster, ‘as 
original recommendations had been carried out in an unnecessary rigid manner’. 

The modifications of the 1939 schedules are worth noting (see Table IV). 
P. radiata treatment is unchanged, though it was not considered economic on 
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poor sites, where P. pinaster would do better, in 1947. It reappeared in 1957. 
Provision for a heavier thinning later in the rotation was made then. P. patula, 
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Fic. 4. Main stand stem curves for Pinus radiata for régimes in Southern Hemisphere 
in 1956. 
Fic. 5. Main stand stem curves for Pinus pinaster for régimes in Southern Hemisphere 
in 1956. 


although a very fast grower, was at first lumped with P. elliottii and P. taeda. It 
remains with this species until the 1957 schedule, when a new régime is laid down 
for them. In the third revision (1957) the heavy stand of 130 stems is kept on from 
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18 to 30 years on the best sites with optional reduction to go-100 stems per acre 
at 25 years. A heavier stocking with optional later thinning is proposed for middle 
sites and a lighter stocking at 20 years for the poor sites. In 1957 the wide spacing 
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Fic. 6. Main stand stem curves for Pinus ellsottss for régimes in Southern Hemisphere 
in 1956. 
Fic. 7. Main stand stem curves for Pinus patula in South Africa. 


is dropped and an early thinning at 6 or 7 years is substituted, to lower the stock- 
ing to that spacing. ‘This acknowledges the inability of the slower growing species 
on poor sites to master the vegetation. In the 1957 schedule the slow growers have 
gone, and treatment is prescribed for the fast growers P. radiata and P. patula 
separately, and for the medium fast growers P. pinaster, P. elliottii, and P. taeda. 
The increasing use of Portuguese P. pinaster has shortened that rotation. 

The schedules still support or follow the thesis that in order to reach the desired 
diameter in time, trees on a slower site must be given more room earlier, as must 
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slower growers. There can be more stems of the given diameter at rotation age on 
good sites, with a less ring width. In terms of height growth, schedules for slower 
growing sites are very much heavier, see Figs. 4-6. 

How this has worked out in practice was difficult to see, however. The Forestry 
Department has applied only three schedules. A very fast grade, following Craib’s 
site I for P. radiata, is applied to that species on all sites, a medium fast grade, 
following that for P. patula for site I on all sites, and a medium grade for P. elliott1s 
and P. pinaster. ‘These régimes are shown in Fig. 3. Differing height growth rates 
accentuate the weight of thinning, which is very heavy for P. patula. No wide 
spacing has been used recently nor have the extra heavy schedules for low sites. 
Private concerns in the Union have tended to be more conservative. (The new 
plantations managed by Craib in Swaziland and those advised by him at Usutu 
were not seen, but do presumably follow his schedules, though avoiding poor 
sites.) The results are impressive. The automatic application of a good pruning 
schedule makes the stands look clean and tidy, while the early low thinning pro- 
duces well-separated crowns. Stands over 20 years treated according to schedule, 
or even younger ones, are, however, tightly stocked and crown lengths are short. 
The very luxuriant crown above the pruned length has died away, leaving very 
large dead knots, particularly in the least tolerant P. patula. The photosynthetic 
area of the crown is much reduced and the rate of growth slowed. The present 
treatment in its search for size quickly and its preoccupation with free growth in 
youth is producing stands of very wide ringed young wood, partly pruned, and, 
as the stem begins to develop mature wood on the clean core, is restricting that 
development. The effect is, of course, less strong on the slower growing sites (and 
site II predominates in State plantations) as height is less when the thinning year 
comes round, by at least 10 feet, and there is more chance of good timber produc- 
tion on the slower sites especially with the more tolerant P. radiata. That wide 
ringed core timber was readily saleable has largely been due to the post-war boom 
in industry throughout the world, and to the great demand for box timber. The 
schedules have, so far, produced little clean sawn timber in the State green and 
dry mills. It is generally agreed now that the hurry for size is less urgent, that 
quality must be improved, and that it will be possible to rear trees which pass 
through a period of suppression in youth long enough to restrict the zone of 
knotty wood and the development of very heavy lower crown branches, while not 


unduly impairing the crown proportion and the ability to put on a continuing 
rate of good growth on the pruned core. The optional stockings now proposed by 
Craib assist this value growth. It is realized that ‘the growth pattern of the tree 
is a reflection of what happens to the crown’ (Van Wyk, 1957). Crown studies 
should lead to a more direct means of gauging suppression and recovery. Crown 


maintenance thinnings should lead to the production of clean, mature wood, as 
opposed to unbridled production of poor corewood with a narrow zone of slow 
grown clear wood outside it, or even to multistoried forest. The growth of seed 
bearers of P. patula left above regeneration (by mistake?) is an encouraging 
pointer to two-storied forest. One such stem at Saabie had a diameter of 27 inches 
in 30 years. 
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Mention must be made at this stage of the unique series of thinning and pruning 
plots established by O’Connor in the Union. They cover all species commonly 
planted on all suitable sites. These have been recently described by Hiley (1959). 
They will supply a great deal of statistical information to enable foresters to 
choose treatments for specified dimensions. They include studies of the effect of 
suppression and release on growth. Recovery has proved to be full and equal from 
the degrees of suppression used—which were not, however, very drastic. The loss 
in diameter growth is not, however, overhauled. One point may be stressed. The 
varying intensities of thinning (extending beyond very heavy by European 
standards) have produced in P. patula (Marsh, 1957) varying total yields. This 
has been remarked on by Hiley (1959), but appears to reflect to the writer the free 
growth conditions of the heavier treatments—the site being incompletely used 
until the zone of competition is reached. The similarity of total yields in European 
experiments reflects the practice within this zone. 


7. DISCUSSION 

Thinaing is carried out with the improvement of the main stand in view, 
whether for hygienic purposes or for concentration of growth on the best stems. 
It has, too, a very important effect on finance and quality. It is generally recog- 
nized as essential to good management in all the countries visited though the 
utilization of the small wood produced is not always easy. Low thinning is the 
general rule and schedules prescribe the number of main stand stems at given stages 
in the life of a stand. The most fundamental of these, Ure’s biological curve for 
radiata in Rotorua and Jolly’s South Australian schedules, are in terms of height 
growth rather than age. Craib’s results, possibly due to the data from which he 
drew his conclusions and made his calculations, show a marked variation with site 
class, though the degree of difference varies with species. Only one State, so far, 
has employed selective thinning in which marking is concentrated on the choice 
stems in a stand, on which, too, pruning is concentrated. Unfortunately twice as 
many choice stems are favoured at the outset as will make the veneer log final 
stand with subsequent competition between them and slowing in size production. 
Crown thinning has hardly been tried with radiata but the Canberra plot at 
Penola shows it has promise. Later, the main crop stem per acre curves for thin- 
ning régimes for species are compared. There is a need to remember that the style 
of thinning between South Africa and Queensland varies. 

In countries where thinning methods have been applied from the onset of 
practice (Queensland and South Africa) there has been a tendency to be most 
concerned with rapid early development. This has resulted in both countries in 
maximum growth of young wood in youth followed by loss of vigour in dense 
older stands when choice trees compete and the growth put down on the pruned 
core is limited. For the maximum increment of high quality timber, growth in the 
second half of a stem’s life must be uninhibited. Where there is difficulty in using 
young and knotty smallwood, tending should be light in youth, the criterion being the 
length and density of the crown of a limited number of select trees per acre. The inter- 


mediate yield can within this overriding consideration be varied to suit marketing. 
¢ 
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When thinnings become saleable standing the problem of frequency recedes, pro- 
vided economic quantities are marked. 

Crown or high thinning is particularly desirable where pulping is the major 
thinning use; chipboard needs less quality and can take low thinnings. Not all 
species react well to crown thinning; radiata certainly does, patula is least satis- 
factory and here in the future a type of pulpwood with standards forest structure 
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Fic. 8. Main stand stem curves from British Yield Tables, 1953. 


may prove most acceptable. That some current low thinning régimes in the Anti- 
podes are conservative in the latter part of a stand’s life can be shown by compar- 
ing the main stand lines with the relative spacing curves in the figures. This applies 
particularly to those for radiata in South Africa, South Australia, and Southland 
in New Zealand. On the other hand, the curves for Ure’s biological thinning, the 
Forest Research Institute’s schedules, and those for the less tolerant and slower 
growing Pinus pinaster and P. elliottii as well as that for the intolerant patula 
(Fig. 7) are heavier than the British pine or larch curves. 

The variations in intensity of treatment are reviewed by species in the light of 
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the main stand stem per acre—height lines shown in Figs. 4-8. By far the greatest 
amount of information concerns P. radiata (Fig. 4). This shows the main stand 
stems per acre for the calculated height-spacing relationship curves of the Forest 
Research Institute; régimes which have a biological basis in that crown length at 
any given height and consequent ability to grow will be most affected by spacing: 
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Fic. 9. Main stand stem curves for Norway spruce in some European countries. 


Ure’s biological curve lies near the very heavy grade where relative spacing 
spacing X 100 
height 
some 75 stems per acre which is borne out on the ground. The least drastic thin- 
nings of South Australia reflect the observed much greater tolerance there as do 
the lines for Western Australia and South Island. Craib’s lines stop at 125 stems 
per acre short of the likely ideal spacing at 100 feet, though he has lately indicated 
a further reduction to the more reasonable 80 stems per acre. 

It shows how drastic, and probably unnecessary is the extreme open spacing of 
Craib’s lower schedules unless biological conditions are very difficult, as in the 


is 27 per cent. These both indicate a satisfactory final crop of 


$355.2 “ 
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extremely rapid growth conditions of Rotorua. Compared with British yield 
tables (Fig. 8) it appears that a treatment on the lines of those meted on average 
to British larches suits P. radiata adequately. Crown thinnings cannot, of course, 
be easily shown on these main stand tree curves as many subordinate stems are 
retained at first. The Tumut line does, however, reflect the technique. Here the 
predominants at the onset of thinning are still absolute (i.e. with 50 per cent. 
crowns) and are rapidly and progressively relieved of competition, while the 
minimum of weak smallwood is produced at the core of the stem. 

The ‘lines’ for P. pinaster (Fig. 5) refer only to South Africa and Western Aus- 
tralia. Both Craib and the Western Australians thin more heavily than the former 
practice for South Africa and this is almost certainly desirable. That Craib’s data 
are more closely related to growth here seems to be shown by a closer bunching 
of his treatments, which makes it possible to indicate a common one. At present, 
practice in both countries (as Craib’s heavier schedules are not used) is fairly com- 
parable. Only British larch curves in the higher stages of the stands’ life show 
comparable openness of stocking. 

Fig. 6 shows the comparable data for P. elliottit from Queensland and South 
Africa. The crown thinning in Queensland is shown contrasting with the trend 
of Craibean thinning and the high stocking resulting from the favouring of 160 
choice trees per acre in early years. The projected thinning to 80 stems per acre 
seems too late, as it appears in the field that crowns are restricted and shortening 
in all stems in a stand 75 feet high. 

In general little enough attention is yet paid to the concentration of increment 
on individual trees; in Queensland where this is done, too many were chosen. Con- 
centration on heavy low thinning reduces the quality and use of early thinnings. 
Thinning to schedules gives good average results. There are, however, wide varia- 
tions within species and varying genotypes react differently to the widely differing 
climates and sites. The wise forester marks first and counts afterwards and will 
find that thinning with reference to chosen desirable stems on which to concen- 
trate increment from an early age will give best results and most flexibility. This 
has been propounded by Rawlings in New Zealand. 

It is hoped that the foregoing has shown that in tending stands the problems 
facing the forester in the exotic forests of the southern hemisphere are not greatly 
different from those facing his fellow in the United Kingdom. There the much 
greater rate of growth poses the same problems, but with less time to solve them, 
but conversely offers a greater reward to the experimenter by early results. Our 
practice tends to be empirical still, and little influenced by our careful yield tables. 
The imposition of schedules is viewed with considerable and not unjustified 
doubt, for our conditions are very variable as are our species. The designers of 
schedules do not aim at absolute success nor expect absolute concurrence with 
them, however, and the thinking forester is expected to vary their general indica- 
tions. To quote again N. W. Jolly (1950), the schedule is drawn up ‘not as a definite 
instruction but as a guide’, and N. B. Lewis (1959), who carries on his work: ‘all 
thinning should be silvicultural. Expressing treatment in quantitative terms of 
any kind does not make it unsilvicultural. It merely expresses a treatment in 
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figures, from which local variations can be developed.’ Schedules are most con- 
structive where the stems to remain are marked and the effect is generally selec- 
tive in that early thinnings concentrate on the removal of malforms. The average 
British C/D treatment in its negative approach and concentration on the removal 
of losers in a stand has been called, with justification, ‘mechanical’, in that there 
is little thought given to the development of the stems which will make the final 
stand. 

The correct application of schedules is first to mark a thinning designed to help 
the best stems and then to adjust the marking to the schedule: ‘mark first, count 
afterwards’. Perhaps the greatest criticism can be levelled at British thinning in 
that until lately there has been no special object for the thinning to achieve other 
than the continued health of the stand and the withdrawal of growth from inferior 
stems. Strangely, too, our marking as exemplified by Norway spruce is much more 
conservative than the positive crown thinning of Belgium and Denmark—see 
Fig. 9, which presents a good case for the feasibility of Hiley’s heavier régime 
(Hiley, 1956). Régimes calculated to produce § and 8 rings per inch after Hiley and 
Lehtpere (1955) are also shown. Measurements of free-growing mature Norway 
spruce in Cirencester Park show that as standards over coppice with very long 
crowns the faster rate is possible, but unlikely in closed stands. Crown thinning in 
the Bowmont Forest Plots had produced 7-9 rings per inch at 1954 (Penistan, 
1956). 

Now, as in Queensland and South Africa, the objective of concentrating growth 
on pruned, clean stems to produce quality sawlogs of high grading is emerging, 


with as high an intermediate production as possible of good quality commanding 


higher prices, such as pit props and telegraph poles, with the residue (still straight 
for easy processing) for particle board or pulping. The obvious techniques here 
are: 


(i) The early choice of pre-eminently vigorous efficient straight stems which 
have been pruned early in their life and the freeing of them from the 
competition of less good predominants or dominants. 

(ii) The restriction of the number chosen to secure continuous steady growth 

until the desirable sawing or peeling size is reached, this being secured by 
the maintenance of long green crowns, extending to at least half their 
length. To prune and seek to free too many stems is to waste time and 
dissipate knot-free growth. 
The manipulation of the subcanopy to control forest conditions. Where 
the trees are intolerant, subcanopy manipulation is not feasible for long 
and underplanting becomes necessary. This is no new technique (Ackers, 
1938, and Hiley, 1960). 


This style of thinning, which may be crown thinning (tolerant trees) or free 
thinning (intolerant trees), was introduced in Scotland after 1945 (Macdonald, 
1954, and Penistan, 1956) and is now termed Scottish eclectic thinning. It is 
apposite here to quote guidance given by Mr. F. W. A. Oliver to his foresters in 
1955. 
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After establishment, thinning is almost the only means at our disposal for shaping the 
stands and forests we are creating. Its importance cannot be overstated. In marking, the 
forester must have a clear idea of what he is trying to achieve. This goes beyond any rigid 
classification such as grade B, C, D, L/C, or any variation of these. It is a case that in 
a number of forests no such idea is behind the marking, and the result is often tentative 
and indefinite thinning. It would be ridiculous to lay down any hard and fast régime for the 
enormous range of thinning problems that we have, but I want to lay down one clear and 
simple guide: 1m all normal cases marking must be definitely directed towards the improvement 
of timber quality based on the individual tree. ... 


Experiment has already shown it has the economic advantage of enhanced 
average size of early thinnings (Edwards and Stewart, 1959). Much more is needed 
to discover the maximum permissible number of choice trees to favour in early 
thinning. Present experience confirms 100 stems per acre as a maximum for more 
tolerant trees, and experience in Queensland and South Africa endorses this. What 
is more likely is that this is a maximum for tolerant trees in optimum conditions. 
For Corsican pine and Sitka spruce 80 stems is preferable until tighter stockings 
are demonstrated to be successful in maintaining diameter growth, while 60 is 
ample for larches. We know now that increment is constant over a variety of 
stockings, provided that the species treated is vigorous in the site studied. We 
know too that value increment depends on crown length on the selected individual 
trees, and that to restrict this by omission or neglect is to lose the benefit of 
pruning. We know as well that steady growth is more important than the number 
of rings per inch, and that it is very difficult to maintain a satisfactory rate of 
growth over a pruned knotty core in low-thinned stands. Our studies should, 
therefore, pay attention to the extent of diameter growth of individual predomin- 
ant stems in varying crown lengths and densities of stocking. Low thinnings can 
be controlled by relative spacing figures, but some indication of crown length and 
diameter growth resulting from various weights of thinning, is most desirable to 
the grower of valuable timber. Assuming that the development of too wide a core 
of young inferior wood can be silviculturally controlled, and European practice 
shows this should be possible, there is no general problem of over-production of 
juvenile wood and the aim of the grower should be to secure the least develop- 
ment of it without impairing the ability of stems to grow rapidly thereafter. There 
is nothing new about this—it is the aim and achievement of irregular foresters. 
Until he knows what effect relative spacing has on the crowns of his final stand of 
§0 per cent. crowned trees, he will be well advised to concentrate on the three 
objectives given above. They will give him a desirable early return of more saleable 
thinnings, and the achievement of the most desirable dimension and quality with 
the minimum delay. 

There seems scope, too, for new research on crown thinning based first on a 
range of favoured stems per acre—say from 60 to 150, and on grades of marking 
to control the crown length of these favoured trees—say at 75, 50, 40, and 30 per 


cent. Here ring width and production of various grades of timber will be of prime 


importance, and it is going to be of similar interest to know how each grade of low 
thinning varies the grade of sawn produce. 





PENISTAN—THINNING PRACTICE 173 

The results of such experiments are not the whole answer, however, unless they 
be correlated with silvicultural conditions of each site and region. The wide range 
of treatments for New Zealand may be extreme, but it is not difficult to foresee 


the weight of thinning (relative spacing) varying with the life of a stand, and with 


the sites and regions of a species’ distribution. The initiative will remain always, 
therefore, with the practising forester in devising the best treatment for his stands, 
but he should not spurn growth data from other studies. 
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AN INVESTIGATION INTO KEITHIA DISEASE OF 
THUJFA PLICATA 


R. G. PAWSEY 
(With one plate) 


SUMMARY 


A description is given of infection by Ketthia thujina from the time of inoculation until the 
production of mature apothecia, including an account of the development of haustoria. Asco- 
spores deposited on to the surface of foliage remain viable through the winter and are the main 
source of primary infection in the spring. The fungus is also carried through the winter in 
arrested stages of apothecial development termed incipient apothecia. It appeared that the 
ability of incipient apothecia to produce primary infection was very limited. Corroboration of 
field observations was given by experiments carried out in artificial low temperature conditions 


INTRODUCTION 

NDER the rules of the International Code of Botanical Nomenclature, the 

generic designation Keithia Saccardo (1892) has been superseded by Didy- 
mascella Maine & Saccardo (1903). A genus of the Labiatae had previously been 
designated Keithia by Bentham in 1834. Because the disease caused by Aeithia 
thujina Durand lacks any common English name it has become widely known 
simply as ‘Keithia’, and to save confusion the invalidated name of K. thujina has 
been used throughout the following description. 

The leaf blight of Western red cedar (Thuja plicata) caused by K. thujina has 
been known in North America since the first record by Weir (1916) in Idaho. The 
fungus was first described by Durand (1913) on T. occidentalis in Wisconsin. Since 
these early records it has been found to be widely distributed on T. plicata and 
T. occidentalis of all age classes in North America, but particularly on seedlings. 
The economic importance of Keithia in America is comparatively small because 
in conditions of natural regeneration sufficient numbers of Thuja seedlings survive 
to produce adequate stocking. 

In Europe Keithia on T. plicata was first recorded by Pethybridge (1919) in 
Queen’s County, Ireland, and the disease was later observed in Sussex by Loder 
(1919). Following these records, the incidence of the disease in Britain apparently 
increased rapidly, and now is almost completely coincident with that of T. plicata. 
Mature trees and hedge plants are attacked, but to a much smaller extent than 
nursery plants. Older trees will carry the disease from year to year without appre- 
ciable damage, but they may regularly supply the inoculum for the infection of 
nursery plants on which severe damage may result. 

Till recently little was known of the life cycle of K. thujina and the particular 
aim of the present research was to investigate its method of overwintering. 
Observations were made in experimental nurseries at Nottingham and nurseries 
of the Forestry Commission in several parts of the country. During the present 
and previous researches no imperfect stage of K. thujina has been observed. 
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Symptoms and Lesion Distribution 


On seedlings Keithia infection develops most frequently on the juvenile foliage. 
On older plants in the transplant lines the mature foliage is attacked, with no 
noticeable difference in resistance between leaves of different ages. In the same 
attack brown lesions are formed on very young leaves almost immediately behind 
the shoot apices and also on leaves produced in the previous year. 

Keithia infection is very localized and is restricted to individual leaves. Under 
experimental conditions, the first symptoms are cream-coloured areas, most often 


on the upper surface of the leaves. These areas are usually very small and several 


may be present on a single leaf. Later they become confluent and the lesions slowly 
become brown in colour. It is at this stage that infection is usually first noticed 
on nursery plants. ‘The restricted nature of the lesions distinguishes infection by 
Keithia from the effect of low temperature conditions, when entire branches or 
plants become bronzed. 


REGION OF SUBERISEO 
CELLS BETWEEN 
MEDIAN AND LATERAL 
LEAVES 


\ 





~ RESIN GLAND 


~~ VASCULAR Tissue 


Fic. 1. Diagram showing the elementary features in the structure 
of a short length of a lateral branch of Thuja plicata. 


Because of the localized nature of Keithia infection, a light but important 
attack may pass undetected, particularly as the dense basal juvenile foliage of 
transplants is often the first region to be affected. A moderate attack is quite 
unmistakable by the time fructifications are produced. In a heavy attack, the 
majority of the leaves may be affected by Keithia. 

On mature foliage of Thuja the two lateral leaves of each whorl are separated 
from the pair of median leaves by a layer of suberised cells through which the 
fungus is unable to penetrate (Fig. 1). There is no suberised layer separating the 
dorsal and ventral leaves, both of which are served directly by the main axial vein 
of the branch. Infection initiating in one of the median leaves can spread through 
the mesophyll into the opposite median leaf of the same whorl, but not into the 
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adjacent lateral leaves. Suberised cells at the base of each whorl prevent the longi- 
tudinal extension of infection from whorl to whorl. 

The mycelium is restricted to the mesophyll and epidermis and does not pene- 
trate into the vascular system, nor into the secretory cells of the resin glands. ‘The 
vascular tissue may remain functional even though the surrounding mesophyll has 


been completely disorganized. 

Infection is usually accompanied by a check in growth of the host plant and in 
severe attacks by extensive die back. Normally, first symptoms appear on nursery 
plants from the end of April onwards, with abundant production of apothecia in 
May and June. Young developing apothecia appear as slightly swollen glabrous 
pustules, usually on the upper surface of the leaves (Fig. 2). The young pustules 
appear light red-brown against the more dull brown background of the infected 
leaf. One to three, usually one, apothecia are produced on infected leaves. As the 
apothecium matures, the fructification becomes more erumpent until the epider- 
mis splits peripherally and is bent back exposing the light olive hymenium. This 
is the appearance of the apothecium in moist conditions. In dry conditions the 
hymenium becomes dark, and retracts considerably and the epidermal flap tends 
to resume its original position. The length of time that the apothecia remain 
active in nature is not known, but in the author’s opinion a single apothecium 
probably discharges over a period of several weeks. After discharge is completed, 
the contents of the apothecium shrivel, resulting in a black cavity in the then 
almost straw-coloured leaf. In previous accounts (Durand, 1913; Boyce, 1948) it 
has been stated that on completion of discharge the apothecium is shed from the 
leaf, but observation during the present research indicates that this seldom occurs. 
Pycnidia of a species of Contothyrium have been observed in old apothecial cavities 
of Ketthia. 


Inoculation and Development of Infection 

It is almost certain that after initial active discharge from the asci, the effective 
dispersal of ascospores of Keithia is by wind. There is no evidence of dispersal by 
insects or other small animals. Small brown lesions sometimes occurring on the 
underside of Thuja leaves are apparently due to the feeding activity of insects, 
probably aphids. It has not been possible to show any relationship between the 
presence of such lesions and the development of Aeithta infection. 

In still conditions, active discharge of ascospores to a height of § mm. above the 
hymenium surface has been frequently observed. Individual apothecia probably 
discharge ascospores for distances considerably greater than this. 

When discharged from the ascus, the ascospores are surrounded by a layer of 
mucilage and stick firmly wherever deposited. If, therefore, ascospores are insect- 
or animal-borne in any way, the chance of retransfer on to Thuja is very small. 

Ascospores can be discharged on to the cleaned surface of a microscope slide, 
placed in a petri dish moisture chamber, by suspending from the lid a small piece 
of infected material bearing mature apothecia. If after removal from the dish the 
slide is allowed to dry, the gelatinous sheath surrounding the spore, which is 
normally 3-4 py thick, can be observed by mounting the adherent spores in 
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picroingrosine. Slides inoculated in the above fashion have been treated in various 
ways to remove the spores. ‘The majority of spores were not removed by vigorous 
mechanical shaking of a watertight container into which the slides were fixed and 
which contained either water or a weak detergent solution. On several occasions, 
slides were treated so that a strong jet of water impinged on to the inoculated area 


for periods of up to 12 hours. The great majority of the spores remained attached 


to the glass. 

The firm attachment of the ascospores to the leaf surface, apart from preventing 
the removal of spores, is probably a vital condition for the actual process of pene- 
tration. 

The only type of ascospore germination observed on living Thuja leaves has 
been the production of short dark germination pegs. Normally, the peg is pro- 
duced laterally from the ascospore, or from the end away from the smaller cell. 
At 13-15° C. a different mode of germination is exhibited by ascospores discharged 
on to the surface of agar in petri dishes. ‘This is the production of an hyaline germ 
tube which may branch and become sparsely septate. No extension of these germ 
tubes greater than 250 yu has been observed. By varying the chemical and physical 
properties of the medium and incubating over a wide range of temperature, it has 
not been possible to stimulate mycelial development from these germ tubes. ‘This 
difference between Ketthta ascospore germination behaviour on agar and on the 
living leaf is similar to that described by Van Vloten (1932) with ascospores of 
Rhabdocline pseudotsugae. 

Asci containing ascospores with germination pegs already developed have some- 
times been observed in sections of mature apothecia. Also, considerable numbers 
of ascospores with germination pegs already developed have occasionally been 
observed deposited on to microscope slides. 

Actual penetration by the fungus into the leaf tissues has never been observed. 
It appears that although many ascospores may be present on the leaf surface, only 
a very small proportion of these effect penetration. The growth of a germ peg or 
tube towards a stoma was not recorded, and in the large number of sections cut and 
observed no appressoria or substomatal vesicles were seen associated with stomata. 
Circumstantial evidence therefore suggests that the fungus enters the leaf by 
direct penetration of the unbroken cuticle. As with other fungi which effect direct 
cuticular entry, penetration is probably a purely mechanical process with the 
penetration hypha rigidly supported by the ascospore anchored to the cuticle. 


Development of the Mycelium in the Leaf Tissue 


The earliest stage of mycelial development that has been observed after penetra- 
tion indicates that, at the beginning of infection, colonization is entirely inter- 
cellujar, with the production of haustoria into the host mesophyll cells. The 
haustoria of Keithta thujina have not been described in previous accounts of the 
fungus. 

Early stages of infection have commonly been observed in the tissue immediately 
adjacent to interleaf clefts. Possibly the micro-climate of the clefts favours pene- 
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tration of the fungus. As will be described later, the sheltered environment of the 
interleaf clefts may play an important part in the overwintering of K. thujina. 
The haustoria are found almost exclusively in the mesophyll cells. They origin- 
ate as outgrowths from the intercellular hyphae and penetrate into the host cell 
through a minute puncture in the cell wall. The narrow stalk of the haustorium 


Fic. 3. Haustoria of Ketthia thujina. For explanation see text. 


gradually enlarges to form a clavate vesicle (Fig. 3c). This vesicle bifurcates and 
the two arms grow first away from the common stalk and then back towards each 
other (Figs. 3a, c, &). This stage is very commonly observed. The bifurcation of the 
haustorium may be irregular or more than two diverticula may be produced from 
the stalk (Figs. 38, p, £). In some cells the diverticula are very well developed and 
branch to form a complicated irregular structure (Fig. 3r). Host cells may contain 
only one haustorium, or several haustoria at various stages of development. On 
no occasion has host reaction in the form of a plug or a sheath around the haus- 
torium been observed. 

At the time when the first cream symptoms are produced on the leaves, the 
intercellular mycelium is widely distributed in the leaf tissue, with the most dense 
accumulation of hyphae beneath that part of the surface showing the symptoms. 
As the lesions become brown, the mesophyll cells beneath the poorly differentiated 
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palisade tissue are disorganized by the fungus and an open and irregular mycelial 
matrix is developed in this region. The mesophyll cells of the palisade layer are not 
disorganized but become shrunken in appearance, with dense brown granular 
contents. These granular inclusions are apparently the moribund chloroplasts. 
The mycelium develops between the palisade cells which become tapered away 
from the epidermis. At this stage it is difficult to observe haustoria except in the 
smaller, more thick-walled, mesophyll cells adjacent to the layer of suberised cells 
which separates the infected leaf from its neighbour. 

The development of the ascogenous hyphae has not been followed in detail. 
A compact fungal tissue develops immediately beneath the epidermis and above 
the distorted layer of mesophyll palisade. This fungal tissue is at first limited in 
extent but gradually extends laterally in all directions. At a slightly later stage the 
closely packed paraphyses develop towards the epidermis. At the time of para- 
physis production, the young apothecium can be distinguished as a red-brown 
glabrous pustule. As development continues, the pustule enlarges laterally and 
becomes more erumpent. The cells of the epidermis above the paraphyses may 
remain intact, or the inner epidermal walls may be broken down and the tips of the 
paraphyses protrude into the lumen of the cells. Growth of the asci from the 
ascogenous hyphae at the base of the paraphyses begins before the rupture of the 
epidermal covering. 

In the late autumn growth may cease at this or earlier stages and the pustules so 
formed constitute the incipient apothecia which can carry infection through the 
winter months. The occurrence and importance of incipient apothecia will be dis- 
cussed shortly. During spring and summer there is no prolonged pustulate stage 
and the growth of the apothecia is continuous. 

The structure of the mature apothecium has been adequately described by 
Durand (1913). He described the paraphyses as branched, and illustrated this, but 
during the present investigation, branching of the paraphyses has not been ob- 
served. Durand did mention that the paraphyses are coherent and this fact may be 
responsible for his record of branching. 


Evidence of Overwintering Stage from Nursery and Greenhouse Experiments 

Up to the time of the present study the activity of Keithia thujina during the 
summer months had been described by a number of workers, but the condition in 
which it overwintered and the source of the primary infection in the spring were 
not known. 

In November 1955 two experimental nurseries were established, one in the 
botanical garden of Nottingham University and another at Blidworth in Sherwood 
Forest. In both nurseries blocks of uninfected 1, 2, and 3-year-old plants were 
alternated with blocks of heavily infected 4-year-old plants from the Forest of 
Dean. 

At the time of lining out, the infected plants showed many old lesions of Keithia, 
the great majority of which had been produced in the summer of 1955. Very few 
apothecia were still functional and the discharge of ascospores after lining out 
must have been extremely small. 
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At the beginning of December 1955 a number of heavily infected 4-year-old 
Thuja plants were potted and placed in a warm greenhouse which was maintained 
at a temperature between 55° F. and 60° F. By the beginning of February 1956 
mature apothecia were observed on these plants. As careful continuous observa- 
tion had not been made on these plants, further infected plants were transferred 
from the University nursery to greenhouse conditions on gth February 1956, to 
follow critically the development of infection. Careful inspection of these ‘Feb- 
ruary greenhouse’ plants, just after removal from the nursery, revealed the 
presence of pustulate structures on the infected foliage. ‘The pustules varied in 
size and were present in comparatively low numbers on all the plants. Sections 
were cut of the pustules and they appeared to be an early stage in the develop- 
ment of the apothecia of A. thujina. The stage of development varied with indi- 
vidual pustules. Generally, a clearly defined hypothecium was present and above 


this a palisade of fine, septate, unbranched paraphyses. In some pustules, early 


stages in the development of asci were observed and very occasionally asci con- 
taining differentiating ascospores. It appeared that the development of these 
apothecia was arrested by the colder conditions of late autumn. Foliage of infected 
plants which had been preserved in November 1955 showed the presence of similar 
stages. 

Selected branches of the ‘February greenhouse’ plants were carefully examined 
and every lesion of any sort was noted, briefly described and plotted on a diagram. 
A fortnight later a small number of the recorded pustules had swollen, the epi- 
dermis had ruptured and discharge of ascospores was observed. It was noticed that 
the number of mature apothecia on the ‘February greenhouse’ plants was much 
smaller than the number recorded previously on the ‘December greenhouse’ 
plants. This was erroneously attributed to the mortality of incipient apothecia on 
the plants in the nursery during the severe weather of January 1956. It was thought 
at this stage that the mature apothecia observed on the ‘December greenhouse’ 
plants, in early February, were derived entirely from a large number of incipient 
apothecia. 

On 14th March 1956 new browning symptoms were noticed on a very large 
number of leaves of the ‘February greenhouse’ plants (i.e. those that had been 
placed in the greenhouse on oth February 1956). Sections were cut of many of 
these leaves. A well-developed mycelium was present in the leaf tissue and also 
early stages of apothecial development. These symptoms were noticed approxi- 
mately three weeks after the record of ascospore discharge from the matured in- 
cipient apothecia on the same plants. In view of the dispersion of spores in the air of a 
large greenhouse, it seemed unlikely that this new heavy infection could be related 
to discharge as a result of maturation of a small number of incipient apothecia. 

Ascospores had been observed on the leaves of the ‘February greenhouse’ plants 
and it appeared possible that the new infection was due to the retention of 
viability of some of these spores on the exposed leaf surfaces or more probably in 
the interleaf clefts. An alternative explanation might be the further development 
of a mycelial stage present in the tissues as a result of infection the previous 
autumn, but which showed no external symptoms. 
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On 22nd March 1956 a large number of sections were cut of symptomless 
leaves of infected plants present in the nursery. There was no indication of the 
presence of any mycelium. Particular attention was paid to epidermal and sub- 
epidermal cells, but no infection stage was observed. 


A number of infected plants were removed from the experimental nurseries on 
3rd April 1956. They were potted and placed in the greenhouse. On 17th April 
the early symptoms of a heavy Keithia infection were observed on these plants. 


The intensity of infection was comparable with that produced on the ‘February 
greenhouse’ plants after 5 weeks in the greenhouse. 

Although no external symptoms were evident on 24th April 1956, sectioning 
of leaves of nursery plants, both from the University and from Blidworth, showed 
early stages of infection in the leaf tissues. By gth May definite symptoms of the 
new infection were recorded in both nurseries. 

The infection in both nurseries was entirely confined to the previously infected 
plants from the Forest of Dean which had survived the winter months. No infec- 
tion was recorded, after very careful inspection, on the previously uninfected 
plants lined out in the nurseries. It would be expected that if the inoculum for the 
new infection on the previously infected plants had originated from incipient 
apothecia, the infection should have spread to the same or slightly less extent to 
the previously uninfected plants. This pointed to the presence of the inoculum on 
the infected plants before they were lined out at Nottingham. Under the condi- 
tions at Nottingham during the time in question the incipient apothecia present 
on the infected plants were ineffectual in producing primary infection. 

Previous to these observations it had been assumed that Keithia was carried 
through the winter in an unknown manner on the litter or in the soil beneath the 
infected plants. No Thuja had previously been grown in either of the experimental 
nurseries and virtually no litter was present on the soil during the winter of 1955-6. 
In any event, if such a mechanism existed and could have been operative at Not- 
tingham, it would be expected that the previously uninfected plants would also 
have shown infection. 

Although it appeared that the incipient apothecia played no part in the initia- 
tion of infection at the Nottingham nurseries in the spring of 1956, they might 
well prove to be important under other conditions. 

Experiments confirming the presence and function of incipient apothecia on 
infected nursery plants in greenhouse and laboratory conditions were carried out 
in the early months of 1957 and 1958. During the 3 years in which the disease was 
investigated, it was found that in addition to the development of mature apothecia 
from the overwintering incipient stage, as described, small numbers of apothecia 
also developed to maturity on leaves which only showed browning symptoms with 
no external evidence of incipient apothecia. 

From the observations above it appears that Keithia infection may be carried 
through the winter (a) by incipient apothecia or by earlier, but well-developed, 
mycelial stages in the leaf, followed by the completion of development during the 
following spring, and (+) by ascospores remaining viable on the surface of leaves 
during the winter, or possibly by very early stages of infection which have not yet 
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been observed. The overwintering ascospores on the surface of the leaves are 
probably by far the most important source of primary infection. 


Laboratory Evidence of Nature of Overwintering Mechanism 


It was found that the most reliable and convenient method of inoculating 
young plants in pots was to attach small pieces of heavily infected foliage to the 
upper surface of the branches of the plants. The infected pieces were held in place 
by cotton with the adaxial faces of the infected and healthy plants adjacent to 
each other. A small number of the potted plants could then be placed under a bell 
jar and the included air agitated periodically by the application of compressed air 
through the top of the jar. The plants were usually kept for 2 to 3 days in the bell 
jars. 

In the first inoculation experiments the inoculated plants were kept in open 
laboratory and greenhouse conditions and symptoms appeared 4 to 7 weeks after 
inoculation. 

In later experiments the incubation conditions were controlled. At the time of 
this research two constant temperature rooms in the Department of Botany at 
Nottingham were maintained for general research purposes at 5° C. and 20° C. 
By placing a water jacketed incubator in the 5° C. room and using this low tem- 
perature as a means of cooling, a steady temperature of 13° C. was obtained in the 
incubator. At first the plants were illuminated by water cooled 250-watt Sieray 
lamps. Later these were replaced by banks of fluorescent lamps. To illuminate the 
plants in the 13° C. incubator, the outside metal door was removed and the light 
source was placed outside the closed glass inner door. 

In the preliminary experiments, under these controlled conditions, an incuba- 
tion period of infection of approximately 3 weeks was recorded at 20° C. The 
inoculated plants incubated at 13°C. and 5°C. showed no symptoms after 
7 weeks. These were transferred to 20° C. and within 3 weeks plants from both 
original temperatures produced symptoms. None of the uninoculated control 
plants at any temperature became infected. In these experiments, as in those that 
followed, the plants were inoculated at 20° C. before incubation. 

A further experiment consisted of the incubation of a large number of inocu- 
lated plants at 5° C., with the periodic transfer of small batches of these to 
20° C. Table I summarizes the results obtained. 


Taswe I 


Plants inoculated at 20° C. from 12th to 15th September 1957 





Commencement of 


incubation at 20° C. 


Symptoms 
observed 


Incubation 
pertod 





1sth September 
gth October 
8th November 
30th December 
1th February 





4th October 
23rd October 
27th November 
16th January 
ist March 





19 days 
14 days 
19 days 
16 days 
14 days 
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The time elapsing before the production of symptoms at 20° C., after varying 
periods at 5° C., was similar to the length of the incubation period when inoculated 
plants were incubated continuously at 20° C. The temperature of the 20° C. 
constant temperature room was thermostatically controlled, but occasionally 
the average temperature rose slightly above 20° C. and the thermostat was re- 
adjusted. The temperature therefore was not absolutely uniform and this might 
explain the variation in the incubation times recorded. The similarity of the 
length of the incubation period at 20° C. whether or not the plants had been 
incubated at the lower temperature indicated that no infection had developed 
from the ascospores on the plants at 5° C. Ascospores had apparently remained 
viable on the leaf surface for five months at 5° C. 

Sections showed that mycelial development occurred in leaf tissue a week after 
the commencement of incubation at 20° C. Periodically, sections were cut of the 
leaves of plants incubated from 15th September 1957 at 5° C. The last sections 
were cut on 20th January 1958. In none of these sections was any infection stage 
observed, although the leaves sectioned always had a considerable inoculum of 
ascospores on the surface. A small percentage of the spores on the inoculated 
plants showed the development of typical dark germination pegs. 

Two small batches of plants inoculated at 20° C. from 12th to 15th September 
1957 and afterwards incubated at 5° C., were subjected to lower temperatures 
between 11th October and gth November 1957. During this period one batch was 
incubated for 12 hours per day in a refrigerator at o° C., and the other for the 
same time at —5§° C. Both batches were incubated for the rest of each day at 5° C. 
where they were artificially illuminated. It was not possible to illuminate the 
plants during incubation at o° C. and —5°C. On 8th November 1957 both 
batches were transferred to the 20° C. constant temperature room. Symptoms 
were recorded on the plants previously intermittently incubated at 0° C., on 
30th November, i.e. after approximately three weeks at 20° C. The degree of in- 
fection was comparable with that on plants incubated continuously at §° C. after 
inoculation and then transferred to 20° C. on 8th November. None of the plants 
incubated intermittently at —5° C. survived. Their death, during incubation at 
20° C., could not be attributed to Keithia infection, but was probably directly 
due to the rapid and frequent changes in temperature experienced by the 
plants. 

Experiments were carried out to test the effect of the removal of ascospores from 
the foliage of experimentally inoculated Thuja plants after varying periods of 
incubation. Although Keithia ascospores can, with considerable difficulty, be 
removed from foliage by very vigorous shake-washing, the foliage is damaged in 
the process and this method is not practicable with foliage still attached to potted 
plants. It was found that ascospores could be removed from a glass surface or from 
Thuja foliage with a stiff brush. A small stencil brush was found to be particularly 
effective. After brushing an inoculated glass slide, the original position of the 
ascospores can be seen by the mucilage scar left on the surface or by remnants of 
the wall of the removed spores. With more vigorous brushing, all trace of the 
spores can be removed. 
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A stencil brush was modified so that it could be held in the chuck of a small 
electric pistol drill. If the rotating brush was moved over the surface of the Thuja 
foliage all debris and attached spores appeared to be effectively removed. It was 
not possible to ascertain whether all ascospores were removed from the interleaf 
clefts by this means, but the brush certainly penetrated into the more shallow 
clefts. When brushing whole TAéuja seedlings and transplants, careful handling 
was necessary as the small branches were easily deflected and broken by the rotary 
movement of the brush. Only if heavy and continuous pressure was applied, was 
the epidermis damaged. There was greater risk of damage if the brush was not 
applied perpendicularly to the surface. 

A small number of Thuja plants which had been incubated at 5° C. for up to 
15 wecks were brushed in the above fashion on the upper and lower surfaces of the 
foliage, and the plants then transferred to 20° C. There was, in general, a marked 
reduction in the infection developing on the brushed plants, but on some plants 
the degree of infection was comparable with that on the unbrushed controls. ‘The 
results of these experiments were not conclusive but gave additional evidence that 
ascospores on the foliage surface act as a source of primary infection. It was 
assumed that the infection produced on the plants after brushing was due to 
ascospores in the interleaf clefts which were not removed by the treatment. 

During inspection of the surface and also of sections of leaves of plants incubated 
at 5° C., fungal hyphae were often observed in the interleaf clefts and occasionally 
over the surface of the leaf. No internal infection was ever seen associated with 
these interleaf cleft hyphae, and presumably they were due to the limited growth 
of various saprophytic fungi in this sheltered micro-climate. 

Branches of plants which had overwintered in the University nursery were also 
brushed, but because of the high mortality of these plants when potted and incu- 
bated at 20° C. the results were again inconclusive. 

Attempts were made to remove ascospores which had been naturally inoculated 
on to Thuja foliage, for the purpose of re-inoculating them on to healthy seedlings, 
to show their ability to produce infection. As has been mentioned earlier, the 
great difficulty was the tenacious adhesion of the ascospores to the leaf cuticle. 

Large numbers of ascospores were removed by vigorously shaking the green 
foliage of two or three large infected overwintering Thuja plants in about 200 ml. 
of water in 500 ml. screw cap bottles for 4 to § hours. The washing water was 
filtered through four layers of open mesh nylon net to remove the larger pieces of 
debris. The filtrate was then centrifuged at 2,000 v.p.m. for 10 minutes. Micro- 
scopical examination of the centrifugate showed that large numbers of Kerthia 
ascospores had been removed by washing, but a considerable portion of these were 
visibly damaged. A concentrated suspension of the centrifugate was made in 
sterile distilled water, and then sprayed on to both surfaces of the foliage of healthy 
2+0 Thuja seedlings, which were then incubated at 20° C. If pieces of the foliage 
of these inoculated plants were washed by shaking, a considerable number of 
ascospores were seen adhering to the surface, after washing. 

Two experiments of this nature were carried out, but none of the spray- 
inoculated plants showed the development of any symptoms. At various times 





PAWSEY—KE/THIA DISEASE OF THUJA PLICATA 185 


after inoculation sections were cut of leaves with ascospore inoculum on the sur- 
face, but no mycelium was observed in the leaf tissue. 

It is possible that the failure of these experiments was due to the damage in- 
curred by the ascospores during removal from the infected foliage, and that any 
physical treatment to detach the ascospores from the leaf surface causes the 
destruction of the vital properties of the spores removed. 


The Effect of Intermediate Temperature Incubation on the Development of the 
Disease 


Plants which were incubated continuously at 13° C. produced no symptoms 
until approximately 9 weeks after inoculation. When incubated at 20° C., symp- 
toms were recorded from between 2 and 3 weeks after inoculation. 

If inoculated plants were incubated at 20° C. for 1 week, at which time mycelial 
development had occurred in the leaf tissue, and then transferred to 13° C., the 
production of symptoms was delayed until approximately 7 weeks after inocula- 
tion. It was observed that the degree of infection was lower than that on plants 
incubated continuously at 20° C. The delay in the appearance of symptoms at 
13° C. after initial incubation at 20° C. became less with increased time of incu- 
bation at the higher temperature. 

Development of later stages of Keithia infection was also retarded at 13° C. 
Plants were incubated at 20° C, after inoculation until definite symptoms were 
observed. Some of these plants were transferred to 13° C., and others to 5° C., 
and some left at 20° C. After 1 week well-marked apothecial pustules were present 


on the plants at 20° C. The plants at 5° C. showed no development from the con- 
dition at the time of removal from 20° C., but early stages of apothecial develop- 
ment were observed on the plants incubated at 13° C. At the time when apothecia 
on the plants incubated at 13° C. reached maturity, those at 20° C. had been dis- 
charging actively for a considerable period. At §° C., still no further development 


occurred. 

In these experiments it was noted that when the plants were incubated at 
13° C., either immediately after inoculation, or after varying times of incubation 
at 20° C., a reduction in the degree of infection occurred, as well as a retardation 
in the rate of infection development. If inoculated plants were transferred from 
20° C., either immediately following inoculation, or after some delay, to 5° C., 
development was entirely arrested, but if these plants were later returned to 
incubate at 20° C. the degree of infection was comparable with that on plants 
incubated continuously at 20° C. after inoculation. 


CONCLUSION 

During the period covered by the present observations, there was no evidence 
that Keithia infection can be carried by soil or litter. Neither was there evidence 
that overwintering of spores, or any other stage of the fungus, can occur other 
than on the plants in which further infection will be produced in the following 
spring. Work is at present proceeding, to test further the possible transfer of 
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infection in the soil and on litter, and also into the possibility of transference via 
ascospores on clothing. 

Ascospores on the surface of leaves, particularly in the interleaf clefts, appear to 
be the main source of primary infection, although this is supplemented to a small 
extent by incipient apothecia on the leaves infected the previous year. It is hoped 
that a method can be devised whereby ascospores which have been present on the 
foliage of plants in the nursery for varying periods during the winter can be re- 
moved undamaged, so that their viability and ability to produce infection can be 
tested. At present, the methods used to remove ascospores from Thuja foliage, 
damage the spores to an extent that precludes their use for inoculation purposes. 
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Figure 2. Part of a lateral branch of Thuja plicata, heavily infected with Ketthia thujina, 


showing mature apothecia and also pustulate early stages of apothecial development over 
which the epidermis remains unbroken. Arrested development of these pustulate stages, or 
incipient apothecia, in late autumn, forms one means of overwintering of the fungus 
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AIR SEASONING SOFTWOODS AT STUMP 


C. D. BEGLEY AND R. HOWELL 
(Forestry Commission) 


SUMMARY 


A brief statistical analysis of some practical results obtained from an experiment carried out 
with Sitka spruce thinnings (Picea sttchensts Carr.) between 1952 and 1957. Some savings in 
extraction costs can be expected from reduction in weight. While there are differences in the 
rate of seasoning with different seasons of felling and between peeled and unpeeled poles, 
seasoning causes no serious deterioration in the quality of the timber for use as pit props or 
boxwood. 


INTRODUCTION 

UCH of the literature from this country on the seasoning of round timber 

is concerned with pit props and includes accounts of studies by the Forest 
Products Research Laboratory at Princes Risborough. Examples of these are the 
papers by F. H. Armstrong (1946) which mentions the effect of seasoning on 
strength properties and by J. M. Dixon and M. A. Hogan (1931) which com ments 
on the effect of varying weather conditions on pit props undergoing air seasoning 
and gives a detailed appraisal of the relationship between seasoning and strength 
properties. 

More closely related to the subject is the work undertaken by the Forestry 
Commission on the rate of drying of pit props (Guillebaud, 1942) which concerned 
itself not only with the effect of the major variable in this matter, the climate, but 
also with the effect of peeling on rates of seasoning. The Forestry Commission 
also undertook studies (Richards, 1956) on the drying of small roundwood (hard- 
woods) in connexion with their use for pulpwood. 

Three important facts emerge from all these studies: (i) that the seasoning of 
roundwood below a critical value known as the fibre saturation point can greatly 
increase strength; (ii) that considerable weight losses occur in the process due to 
the large amount of water lost; and (iii) that peeling and climate are variables 
which play an important part in the seasoning process. A fourth fact not touched 
on in these studies is that seasoning facilitates impregnation with preservatives. 

The increase in strength is alone sufficient to warrant close attention to air 
seasoning. Those concerned with logging are also interested in a possible saving in 
extraction costs due to the loss of weight. Finally, a no less important problem is 
the behaviour of the wood when it cannot quickly be extracted and sold after it 
has been felled but must be stored in the forest. It is interesting to note that in 
Sweden the problem of storing pulpwood in the forest was recently the subject of 
a full-scale study (Bjérkman, 1958). 

The Forestry Commission in 1952 therefore decided to undertake a comprehen- 
sive study of some of the more important practical aspects of the seasoning of 
round timber. Because of the interest in extraction costs, it was decided to season 





188 FORESTRY 


at stump and extract the seasoned timber. Parallel studies on seasoning rates and 
the condition of the poles when seasoned at stump were also instituted. The 
account of these studies is given in two parts, firstly the effect of seasoning poles 
at stump on extraction costs, and secondly the rates of seasoning of poles at stump 
as affected by certain variables and the effect of seasoning on the timber. The re- 
sults are discussed at the end of the paper. 


rHE EFFECT OF SEASONING POLES AT STUMP ON EXTRACTION COSTS 

In a previous experiment (Begley, 1955) the poles to be seasoned were stacked 
on brash immediately after felling. ‘The cost of this offset any advantage gained 
from loss of weight. In this experiment therefore they were simply left at stump 
until extracted. 

‘Two level stands of Sitka spruce both due for a first thinning were chosen at 
Gwydyr Forest in North Wales and at Benmore Forest in Argyll. The former was 
planted in 1929; the latter in 1935. The plots measured 2 chains by 1 chain and 
were divided by narrow racks running down hill. They were so arranged that poles 
had to be carried 1 chain at the most. The plots were thinned to the Forestry 
Commission CD grade. 

There were five replications and four treatments as follows: 

\. Fell, trim, and extract by hand. Peel at rideside immediately after extra: 

tion. 

B. Fell, trim, peel at stump, and extract by hand. 

C. Fell, trim, and when seasoned, extract by hand, then peel. 

D. Fell, trim, peel, and, when seasoned, extract by hand. 


Tasre I. Cost of extraction by hand. Gxydyr and Benmore 





Extraction cost Weight of extraction Adjusted cost 


man-hours ons (man-hoi 
Condinon at 





extraction rey y Benmore wyd) Benmore 





nseasoned 
and un- 
pecled 
B. Unseasoned 
and peeled 
C. Seasoned and 
unpeeled 
DD. Seasoned and 


peeled 





Ditlerences for 


“64 
*g “$6 























Table I shows that the unpeeled poles after seasoning had lost approximately one-third (Benmore) 


and one-eighth (Gwydyr) only of their unbarked weight due to seasoning but that the peeled 
seasoned poles had lost one-half (Benmore) and one-third (Gwydyr 
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The poles to be seasoned, i.e. treatments C and D, were felled and trimmed out 
to 3 inches top diameter over bark in the autumn and winter of 1955-6. They 
were extracted after 1 year at Benmore (November 1956), and after 8 months at 
Gwydyr (July 1956). The poles to be extracted green, i.e. treatments A and B, 
were not felled and trimmed out until the poles in C and D were extracted. Thus 
the poles in all treatments were extracted within the same period. 

The costs of extraction have been adjusted in the fourth column in Table I so 
as to represent what the costs would have been if all the weights had been the 
same when the poles were extracted, regardless of whether they had been seasoned 
or not. The result shows that, when so adjusted, there are no remaining significant 
differences between the treatments. It is reasonable, therefore, to conclude that 
the significant differences in extraction cost in the second column between 
seasoned (C and D) and unseasoned (A and B) are due to weight differences as a 
result of seasoning. 

There was no difference at either forest between cost for peeling at roadside 
immediately after felling and cost for peeling at roadside after seasoning. 


FHE RATE OF SEASONING AND THE EFFECT OF SEASONING ON THE POLES 


The second stage of this study was established at the same forests (Benmore and 
Gwydyr) used for the first stage. 

Equal numbers of trees in three girth classes, 3, 4, and § inch breast height 
quarter girth, from Sitka spruce crops planted in 1933 at Benmore and 1929 at 
Gwydyr were selected. They were felled at quarterly intervals from October 1952 
until July 1955 at Benmore and from February 1953 until December 1955 at 
Gwydyr. Half the poles were barked immediately after felling and the other half 
were left unbarked. 

The experiment closed at Benmore in June 1956 and at Gwydyr in May 1957 
when all the material was finally assessed and tested for strength and working 
properties. ‘The poles were thus left to season for periods varying from about a 
vear in the case of those felled at the close of the experiment to about 4 years in 
the case of those felled at the beginning of the experiment. 

‘The conditions and method of the experiment were as follows. First a suitable 
stand, of reasonable uniform condition, was chosen and marked for a thinning. 
Each calendar quarter, six of the marked poles were felled in each of the three girth 
classes, 3, 4, and § inch breast height quarter girth; three were barked and three 
left unbarked. They were trimmed out to a top diameter of 3 inches over bark and 


left to season, piled on brash, on the ground. 
Their weight and volume on felling was recorded and they were weighed at 


fortnightly intervals for the first 4 weeks. Thereafter weighing was done at monthly 
intervals until it remained appreciably constant over a number of successive 
weighings. 
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The Rate of Seasoning 

Seasoning involves the establishment of a moisture equilibrium between the 
timber and the surrounding atmosphere and its progress can be directly expressed 
in terms of weight changes. This was the method used in this experiment. ‘The 
weight changes were calculated and plotted graphically in order to represent the 
pattern of change throughout the period of the experiment. The data were 
smoothed in successive stages in order to make the information more useful. An 
understanding of the way in which the tables were prepared is however necessary 
if they are to be used properly. 

1. The mean weight of each set of three trees was plotted against the date of 
weighing, giving 72 series of points altogether. 

2. A curve was drawn by eye for each series on the basis that: 

(i) Corresponding changes in weight should be present in the curves for all 

three sizes of poles felled at a given date, and differ only in degree. 

(ii) The general tendency was for weights to fall rapidly in the spring and fall 
slowly, or even to rise slightly, in the autumn and winter; apparently 
opposite tendencies, being exceptional, could reasonably be disregarded. 

(iii) Short-term fluctuations soon after felling were noteworthy, but subse- 
quently, when equilibrium between the moisture content of the poles and 
of their environment had been reached, minor fluctuations were not 
specially regarded. 

3. From these curves a secondary table was prepared giving the loss in weight 
as a percentage of the initial unpeeled weight for selected periods after the actual 
felling dates. 

4. From this table the percentage loss during predetermined periods after 
felling was plotted against the month of felling, giving 20 graphs altogether, the 
three size classes being plotted on the same graph. 


5. Curves with an annual period were drawn by eye through the points for the 


3 inch and 5 inch poles. 


6. From these curves values were read corresponding to four selected felling 
dates at quarterly intervals for an ‘average’ year, and these values were plotted on 
eight final graphs, for peeled and unpeeled material, and smooth curves drawn 
through these series. 

7. The values for the 3 and 5 inch material were read from these graphs and 
the 4 inch values were judged from these values. 

The precision of the estimates varies between felling seasons and only a rough 
estimate of the precision is possible. Referring to the table for percentage losses 
(Table II), the values near 0 and 50 respectively are probably within two or three 
per cent. of the true ‘average-year’ values, those between 20 and 40 may well be 
§ per cent. in error. For a particular year all values may be over Io per cent. out 
either way. Undoubtedly the weather peculiar to a particular year is the greatest 
source of uncertainty in such estimates. 
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The results for Gwydyr forest only are given; those obtained for Benmore forest 
were in all respects similar. 
Taare II. Percentage of initial (unpeeled) weight lost by unpeeled and peeled 
poles up to 18 months after felling. Gwydyr Forest 


U = unpeeled; P = peeled 
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Table II was used to compute the values in Table III below, which are therefore rather less 
reliable than the corresponding values of Table II. 


The main features which emerged from the comparison of the losses of weight 
of poles of the different categories were: 

(a) That peeled poles lost weight more quickly, at first, than unpeeled poles. 

(4) That the smaller peeled poles lost weight quicker, at first, than the larger 
ones, irrespective of the season of felling, but that the comparison between the 
initial rates of loss of weight of the different size classes of unpeeled poles depended 
on the season of felling. 
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Tase II]. Volume in Hoppus feet of one ton of poles, unpeeled or peeled up to 
18 months after felling. Gwydyr 


U = unpeeled; P = peeled 
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The weight of bark peeled from fresh-felled poles was about 10 per cent. of the unpeeled weight 
for 3 inch poles, g per cent. for 4 inch poles, and 8 per cent. for 5 inch poles. There was some 
evidence of a seasonal fluctuation of about $ per cent. 


(c) That for peeled poles the final weight was about 45 per cent. of the initial 
unpeeled weight. For unpeeled poles it was just over 50. 

(d) That the time taken to reach this weight depended mainly on the season 
of felling largely because, in the first winter after felling, the loss of weight 
was either retarded or reversed; unpeeled poles were affected more in this 
way than peeled poles. 
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The Strength Properties of the Timber 

The principal use of round timber of the size used in this experiment is for 
supports in the mines and it was therefore decided that it would be important to 
test the compressive strength of the round timber after it had been seasoned. 

The results were statistically analysed in order to find out the effect of the 
various treatments (date of felling, peeling) on the strength. Basic specific gravity, 
moisture content and the degree of fungal infection were measured and the usual 
statistical methods used to determine what correlations there were, if any, between 
these factors and strength properties. 

The sampling for testing at Benmore was designed to compare the effect of the 
treatments on props of the sizes likely to be produced by material of these girth classes 
(3, 4, and § inch b.h.q.g.). Therefore 72 poles were selected at random, one from 
each of the three girth classes represented in the 9 poles allocated to the peeling x 
date of felling treatments. These poles were divided into standard pit prop lengths. 
These props were then divided into two categories: (a) 48 4 foot by 4 inch to be 
tested full length and representing in equal amounts the 4 and § inch quarter girth 
classes, (/) 168 3 foot by 3 inch and 2 foot by 2 inch from which samples only (size 
length in inches = 2 x diameter in inches) were to be taken, at random from any 
position in the prop, and sampled irrespective of girth classes. 

Although the poles were chosen at random, after stratifying in girth classes, the 
sampling after that was not truly random but related to the standard pit prop 
sizes; nevertheless tests of statistical significance have been applied as if the samp- 
ling were random; these results should therefore be treated with some reservation. 

The results of the tests on the full length props are given in ‘Table IV. The com- 


pressive strengths were calculated by dividing the loads at failure by } x (the 


minimum diameter)?. 
These props were tested by the Engineering Department at Glasgow Univer- 
pro} } F g 


sity. The ends were squared before testing. 
; q 


Taare IV. Compressive strength of 4 foot by 4 inch diameter props in lb. per 
sq. inch. Benmore 





Date of felling Unpeeled 





October 1952 ; 2,94 


> 


February 1953. , ‘ 2,85 
April 1953 ‘ 
August 1953 
December 1962 
February 1954 
May 1954 
September 1954 
November 1954 
February 1955 
April 1955 

July ross 





Standard error 
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As one prop was taken from a 4 inch q.g. pole and one from a § inch q.g. pole 
there were no true replications, and the interactions between the quarter-girth 
class of pole from which the prop was cut and the other factors were used to esti- 
mate errors. It was found that peeling the poles resulted in a very significant in- 
crease in strength of 317-+76 lb. and that felling date also had a very significant 
effect on the strength of props. The direct effect of the date of felling was itself 
obscure. There was no purely seasonal effect but the interaction between seasons 
and years was very significant. 

In addition to these effects, props from trees of the 4 inch q.g. class of poles 
were found to be very significantly stronger on the average than props of the same 
size cut from trees of § inch q.g. class. This difference was uncorrelated with any 
variations in slenderness ratio, basic specific gravity or moisture content, between 
the two classes. 

Compressive strength 
in lb. per sq. snch 
Props from 4 inch q.g. trees . ‘ 2,430 | 


+§3°7 


» 9 5 inch q.g. trees . . 2,180) 


The results of the tests on the smaller samples (Table V) are concerned with 
props of different diameters irrespective of the girth class of the pole. It was hoped 
they might throw some light on the effect of actual diameter as such, rather than 
girth class of pole, on pit prop material left to season in the wood. 

The compressive strengths were calculated in the same way as those for the full 
size props. Due to shortage of material, there was only one sample for each 4 inch 
diameter category. It was therefore decided to analyse the 3 and § inch diameter 
categories together and then to investigate differences between the mean strength 
of these classes and the values for the corresponding 4 inch diameter classes. 


Tasie V. Mean compressive strength of 3, 4, and 5 inch diameter small samples 


(lb. per sq. inch). Benmore 
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Here again peeling had a noticeable effect; samples for peeled poles were 
very significantly stronger than samples from poles left unpeeled. Again the fel- 


ling date was very significant. It can be traced to two features, the low strengths 
of samples from trees felled in the summer, and a general fall in the strength of 
samples from the fellings after the summer of 1954. 

Comparison of the strengths of the 4 inch diameter samples with the mean of 
the 3 and 5 inch samples of the same category showed that the 4 inch diameter 
samples were 100-+43 lb. per sq. in. stronger on the average. This difference is 
significant at the 5 per cent. level, and did not vary significantly between the 
different peeling and date of felling categories. 

It is tempting to explain these two relationships, i.c. between strength and 
peeling and between strength and date of felling, in terms of moisture content 
and or fungal attack. Both these features are discussed separately later, but at this 
point it is convenient to mention the statistical analyses of covariance which were 
carried out. These analyses were to determine to what extent the effects of peeling 
and date of felling on strength could be explained by the linear effects of con- 
comitant variations in moisture content and fungal decay. 

The results showed that although some of the variation in strength could be 
explained in this way there remained some variation due to treatments left unex- 
plained by this oversimplified hypothesis. The non-linearity of the relation between 
strength and moisture content is well known and a more realistic hypothesis would 
probably have been more successful. 

The question of differences of strength between size classes will be referred to 
in the discussion, later in this paper, on basic specific gravity. 

The samples of timber from the plots at Gwydyr forest were all brought to 
approximately the same moisture content before testing (about 14-17 per cent.). 
These samples were taken from peeled poles only (taken at random) since the 
effects of peeling at Benmore had been clearly demonstrated. Two poles from each 
felling-date x quarter girth category were taken and samples were taken from the 
butt, middle, and top of each pole. The samples, as with the Benmore material, 
were taken to represent props of 3, 4, and § inch diameter; the samples themselves 
were, however, not full-size props but about twice as long (in inches) as the diameter 
(in inches). 

The results are given in Table VI. 

The fact that this result with timber of a uniform moisture content, in so far 
as it concerns date of felling, did not show the variations found in the Benmore 
material suggests that moisture content did play the major part in the strength 
variations of the Benmore material. 


Motsture Content 
It is convenient now to refer to the results of the studies on moisture content 
at Benmore. The moisture content of all samples was taken to be the same as the 
moisture content of disks cut from a position immediately adjacent to the samples, 
in the forest, and sent in polythene containers for assessment at the laboratory. 
One half of the disk was used for this purpose and for an assessment of basic 
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specific gravity, the other half was sent to the Forest Products Research Laboratory 
for assessment of fungal deterioration. 


Taare VI. Compressive strengths (lb. per sq. 1.) of samples (1 = 2d.). Gwydyr 
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Standard error = 300. 


The mean strength of all samples was 3,750-+ 50 Ib. per sq. in. and neither fel- 
g Pp 3575905 P 1 
ling date nor size class showed any significant influence on this value. 


Because of the correlation between the sizes of the experimental error and of the 
Pp 


mean moisture content for the different categories, it was necessary to analyse the 
logarithms of the moisture contents of the samples. In such cases the geometric 
means of the moisture contents are more appropriate than the arithmetic means 
and these have been presented in Table VII. The means of the transformed data, 


1.e. 


the logarithms of the values in Table VII, have been given in Table VIII. 


Tasre VII. Mean moisture content per cent. of disk samples. Benmore 





Date of felling 


3 inch diameter 


4 inch diameter 


5 inch diameter 





Peeled 


Unpecled 


Unpeeled Peeled 


Unpeeled Peeled 





October 1952 
February 1953 
April 1953 . 
August 1953 
December 1953 
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September 1954 
November 1954 
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Analysis revealed that moisture content was affected to some extent by all 


the experimental factors. Since the interactions between the factors were verv 
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significant the simplest way to study the results is to compare the changes of moist- 


ure content between felling dates for each of the peeling size-class categories. 


Tasre VIII. Mean transformed moisture content per cent. of disk samples. 
Benmore 
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It will be noted that all categories in the peeled p les had reached 20 per cent., 
a figure below fibre saturation point (which is about 27 per cent. for conifers) at 
which one would expect an appreciable increase in strength. Aside from these, the 
major differences in moisture content are in the unpeeled 4- and §-inch diameter 
sizes, particularly the latter where samples taken as early as 1953 are well above 


20 per cent. It is here that we can see a seasonal variation most clearly, with rela- 


tively high moisture contents for the late summer fellings superimposed on a trend 
extending over the 3 years during which the fellings were made. ‘The slow season- 
ing rate of unpeeled autumn felled poles referred to in the first part of this paper 
tends, it seems, to persist beyond the initial seasoning period. This phenomenon 
has been noted in the Swedish study on the seasoning of pulpwood (Bjérkman, 
Erik, 1958) referred to in the introduction. 


Basic Specific Gravity 

It is accepted that there is a relationship in normal wood between strength and 
basic specific gravity. 

No direct effect of peeling on basic specific gravity was to be expected and no 
significant effect was found. In Table IX, therefore, the mean of the basic specific 
gravities of peeled and unpeeled categories have been presented. 

Only two factors significantly affected basic specific gravity and there were no 
significant interactions between any of the experimental factors. There was a very 
significant decrease in the mean basic specific gravity from the smaller to the 
larger size-classes, the mean difference between the values for the 3- and 5-inch 
diameter classes being 0-033-+-0-006. There was also a significant effect of the 
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season of felling, resulting in a maximum basic specific gravity for fellings in the 
spring. 

Tasre IX. Mean basic specific gravity of disk samples. Benmore 





Diameter classes 





Date of felling b 4 inch 





October 1952 
February 1953 
April 1953 
August 1953 
December 1953 
February 1954. 
May 1954 
September 1954 
November 1954 
February 1955. 
April 1955 


July 1955 














Standard error = o-o16. 


The results obtained at Gwydyr confirmed the trend in values in the three size- 
classes with a uniform decrease of 0-046-++0-012 in the average values from the 
3- to the §-inch class. The samples at Gwydyr, it will be remembered, were strati- 
fied according to position in the stem. Analysis of this variable revealed that there 
was a uniform decrease in specific gravity from butt to top which was greatest in 
the 5-inch class, smaller in the 4-inch class, and negligible in the 3-inch class. 

The mean basic specific gravities of the samples from the peeled poles are shown 
in ‘Table X, each value being the mean of six sample values (three positions in both 
poles). 

Tasie X. Mean basic specific gravity of disk samples. Gwydyr 





Basic spect fic gravity 





Felling date 3 inch 4 inch 5 inch Mean 
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Average values for the whole series were: 
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3 inch 


4 inch 


inch 





Top 
Mid 
Butt 
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Incidence of Fungal Attack 


The statistical analysis of the results from the sample half disks (see above) cut 
from the material at Benmore presented some difficulties, based as it was on an 


arbitrary division into classes of severity of attack. The reclassified data were there- 


fore subjected to an angular transformation, with an adjustment for the discon- 


tinuity of the proportions. The results, however, will be discussed in terms of the 
number of samples attacked. 


Tasie XI. Numbers of disk samples attacked by Stereum sanguinolentum. Benmore 





3 inch diameter 


4 inch diameter 


5 inch diameter 





Date of felling 
} 


Unpeeled 


Peeled 


Unpeeled 


Peeled 


Unpeeled 





October 1952 
February 1953 
April 1953 . 
August 1953 
December 1953 
February 1954 
May 1954 
September 1954 . 
November 1954 
February 1955 
April 1955 . 


July 1955 





2 








2 








2 
1 
I 





‘Total number of samples in each class is 3. 





Tasre XII. Incidence of attack by Stereum sanguinolentum. Benmore 





Date of fel 


ling 


Transformed numbers 


Numbers attacked 





Unpeeled 


Peeled 


Unpeeled 


Peeled 





October 1952 
February 1953 
April 1953 
August 1953 
December 1952 
February 1954 
May 1954 
September 1954 
November 1954 
February 195° 
April 1955 


July 1955 





42 
23 
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Dealing first with the incidence of attack by Stereum sanguinolentum, a wood- 
rotting fungus, it was found that neither peeling nor size class were associated with 
difference in incidence. 

Attack was, however, more severe in the material felled in late summer and 
autumn and less severe on spring-felled material. Again a link with slow seasoning 
in the autumn-felled material is suggested as quickly seasoned material (e.g. 
spring-felled) is less likely to suffer rapid decay. As for unpeeled material, this 
seasonal variation in attack was not so apparent but, as would be expected, the 
earliest felled material was most decayed. 

If the species of pathogen is disregarded, the pattern of attack changes and 
becomes to some extent less complex; forexample, the following figures show that 
peeling decidedly improved the chances of freedom from attack by fungi. 





Attacked Not attacked 





Peeled 3 <8 
Unpeeled . R88 20 














In the unpeeled poles (not the peeled) size class was important as the following 
figures show. 





Size class "npeele Peeled 





3-inch diameter 17 
4-inch - 17 


s-inch - 16 











In the unpeeled poles also, date of felling varied in its effect according to size 


class. ‘There was a general high incidence of attack in the 5-inch material but in the 
3- and 4-inch material the attack was less severe in the spring-felled material. 

In the peeled material all the material felled in the spring of 1955 was relatively 
free from attack and this was in line with a generally low level of attack for spring 
felled peeled poles. 

For the Gwydyr material, only the peeled poles were sampled as already 
described. The results add nothing to what was learnt at Benmore but do indicate 
higher levels of attack in the summer of 1953 and autumn of 1954. 

Scores based on the final assessment of fungal attack in samples from pee! 
poles are presented in Table XIII for Stereum decay and staining separatcly 


Seasoning Defects in Sawn Boards and Sawing Properties 


Forty-eight butt logs of the Benmore material were sawn into inch boards and 
graded for seasoning cracks. The results were not very revealing but they did show 
that seasoning in the round led to very little seasoning degrade of the material on 
sawing. 

A number of butt logs from Gwydyr were also sawn and graded with the same 
result but here some difficulty was experienced with the sawing of the seasoned 
material. 
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Taste XIII. Severity of attack by decaying and staining fungi. Gwydyr 





Severity of attack (each score based on 6 samples) 





Stereum Blue and/or pink stain 





j inch 4 inch 





April 1953 
July 1953 
October 1953 
March 1954 
June 1954 
October 1954 
January 1955 
April 1955 . 


June 1955 























Loss of Bark and Insect Attack 


‘Two remaining aspects of this study, i.e. natural loss of bark and insect attack, 
were so low as to prove of no value for comparative purposes. 


DISCUSSION 


It has been shown that, both at Benmore and at Gwydyr, areas of high rainfall 
on the west coast of Scotland and Wales respectively, after an interval of 8 months 
at Gwydyr and 12 months at Benmore between felling and extraction, the loss of 
weight on seasoning appreciably reduced the cost of extraction. 

The rates of seasoning of the poles were clearly affected by (i) the time of the 
year when the pole was felled, (ii) the peeling of the poles. Spring felling resulted 
in a rapid seasoning rate and late summer or autumn felling gave a slow initial 
seasoning rate the effect of which tended to persist in the following year. 


Both these aspec ts of the rate of seasoning could reasonably be expected to play 
their part in the behaviour of material (pit props) produced from the seasoned 
poles. Statistical analyses of the results did not support this view but they did 


provide evidence for arguing a case based on the accepted facts that timber 
seasoned beyond fibre saturation point increases in strength. Furthermore the 
results give grounds for arguing that peeling and spring felling reduced the risk 
of fungal attack based on the equally accepted fact that wood dried below a certain 
point is less susceptible to certain forms of decay and staining. The reasons for 
these views have been set out in this paper. Whether they are accepted or not, it 
can be claimed that the results show: 
(i) That the loss of weight on seasoning appreciably reduced the cost of 
extraction. 
(ii) ‘That seasoning of poles of breast height quarter girth classes 3, 4, and 
5 inches for periods of up to 4 years leads to no serious deterioration of the 
timber as a source of pit-prop material and boxwood saw logs. 
8955.2 P 
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(ui) That peeling improves the rate of seasoning appreciably. 

(iv) That spring felling improves the rate of seasoning appreciably and that 
late summer, autumn, and winter felling mean greatly reduced rates of 
seasoning which can persist in their effect into the following year. 
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SURVEY OF FOMES ANNOSUS IN EAST ANGLIAN 
PINE PLANTATIONS 


G. W. WALLIS 


(Botany School, University of Cambridge’) 
SUMMARY 

The incidence of killing by Fomes annosus in first-rotation crops was studied in relation to 
some soil characteristics and forest management. Killing was closely correlated with se‘! 
reaction in the major lateral rooting zone, extensive damage occurring only on areas with a 
pH greater than 6. Neither soil reaction at 50 cm, nor soil depth was correlated with root rot 
losses under the conditions of this survey. Losses were high on agricultural land only where 
the addition of lime had raised the soil reaction above pH 6. Damage was severe in many 
stands growing on calcareous grass-heath with a naturally high soil reaction. Losses were 
erratic in young stands but became more uniform by the age of 30 years. Disease incidence 
increased in proportion to the number of thinnings only where the soil pH was greater than 6. 
Losses from F. annosus in pure stands of Corsican pine (Pinus migra var. calabrica) were 
relatively low, as compared with those in Scots pine (P. sylvestrts). 


INTRODUCTION 

ILLING of Scots pine? and Corsican pine by Fomes annosus in East Anglian 

pine plantations was first recorded by Macdonald in 1939. Since then the 
incidence has increased steadily, with the result that heavy economic losses are 
now being recorded in many stands, particularly those occupying alkaline arable 
sites. Rishbeth (1950, 19514, 19514, 1957) has outlined much of the biology of 
F. annosus in East Anglian plantations. As a result of his findings stump protection 
was initiated in 1954, but unfortunately many stands had become heavily infected 
prior to this date. 

Although the incidence of F. annosus attack, occurring over a large area, is 
affected by many interdependent factors, it was thought that it might be possible, 
when dealing with a relitively confined area, to ascertain which factors are 
especially important. In this investigation, certain aspects of soil and forest 
management have been examined in the hope of discovering the conditions most 


influencing spread of root rot within the stand: these could then be used as a guide 


when assessing susceptibility to root rot. The East Anglian forests, because of their 
diversity of site and stand conditions, are well adapted to a study of this nature. 
Plantations occupy soils of widely varied reaction and depth; lands formerly 
classified as arable, heath and wooded are found closely associated; forest manage- 
ment and disease records are available for stands from the first to fourth thinning. 


TECHNIQUES OF THE SURVEY 
Thirteen forests and beats, covering 39,000 acres, were chosen to represent 
existing conditions. Of these, approximately 7,000 acres (300 compartments) were 


' Now at the Forest Biology Laboratory, 409 Federal Building, Victoria, B.C., Canada. 
2 Pine as used throughout this report refers to Scots pine unless otherwise noted. 
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examined and relevant information compiled on soil, forest, and disease conditions. 
Planting year, species, the number, grade, area, and year of thinning, and the 
total volume of timber removed was obtained from the general thinning records 
supplied by the Forestry Commission. ‘The total volume of timber destroyed by 
Fomes annosus was noted in the above records for all forests from 1956.! Although 
in a few instances the latter information was available prior to 1956, this study was 
primarily concerned with stands thinned subsequently. 

For investigation of soil types, forest compartments were divided into blocks of 
8-20 acres, depending upon the area and variation in soil features. A soil sample 
was taken from approximately every 4 acres at depths of 15-20 cm. and 50-60 cm. 
The samples from 15-20 cm. were considered to be representative of conditions 
in the middle of the major lateral rooting zone. Samples from 50-60 cm. were 
taken to determine the influence of subsoil reaction on root rot. Soil from each 
block was combined to give an aggregate sample for cach of the two depths. Soil 
reaction was measured with a glass electrode within 24 hours of collection. Litter 
depth, soil depth, and profile characteristics were obtained from soil pits dug to a 
maximum depth of go cm. 

Compartments were surveyed over approximately 5 per cent. of their area for 
origin of infection, activity of disease, size of disease openings, and extent of 
sporophore production 


DISEASE INCIDENCE AS RELATED TO SOIL CHARACTERISTICS AND FOREST 
MANAGEMENT 

From the outset it should be emphasized that the following work is concerned 
with factors influencing Fomes annosus as a killing agent of pine and not as a butt- 
rotting organism. Peace (1938), Jorgensen and ‘l’reschow (1948), and Comic (1957), 
amongst others, have pointed to extensive butt rot in certain species growing on 
acid as well as on alkaline soils. It will be evident from the following that acid con- 
ditions as recognized by the aforementioned workers were not to be expected in 
pine stands undergoing severe killing as studied here. Pine seldom develops butt 
rot in young stands. 
(i) Sot! reaction 

\pproximately 5,500 acres of pine stands were examined during the course of 
the survey, 5,000 (192 compartments) of which had undergone two or more 
thinnings. Compilation of the survey data suggested that the variation in disease 
incidence was best illustrated by dividing the plantations into four soil reaction 
categories; namely pH > 7, 6-7, 5-6, and < §. The two extreme categ: 
embodied 80 per cent. of the sample. Although relatively few samples were ob- 
tained in the two intermediate classes, it was considered that the information was 
sufficient to warrant interpretation. 

A summary of the results is presented in Table I. Singularly noteworthy are 
the small losses, the mean being less than § cu. ft. per acre, attributable to disease 

' Fomes annosus losses, as recorded throughout this report, are those which were removed at cac! 


representative thinning. The thinning interval was approximately 5 years 
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in stands growing on a soil with pH < §. In only three out of seventy-two com- 
partments was there damage greater than 10 cu. ft. per acre. In contrast to this, 
mean losses in excess of 20 cu. ft. per acre attest to the heavy damage present in 
many stands growing on soil of pH > 7. Losses in these latter stands were ex- 
tremely variable at the second thinning, with over one-half of the compartments 
exhibiting only slight damage. By third and fourth thinning, however, large 
volumes of root-rotted trees were apparent in forty out of the forty-three com- 
partments, indicating that these alkaline soils were particularly favourable for 


rapid development of F. annosus. 


‘Vasre |. Thinning data and F. annosus losses in some East Anglian Scots pine 


plan tat 1 ns 





























Trees killed by F. annosus 
Total Mean Percentage 
Soal Total thinning Total volume of total 
pl at Former number area volume per acre thinning 
I§-20 cm land use | compts. (acre cu. ft (cu. ft. volume 
First thinning 
7 arable S 88-9 225 | 2 ‘$ 
6-7 arable 2 33° 
5-6 arable 1 13°2 
i arable 2 48-6 
heath I 76°97 106 1 ‘I 
Second thinning 
7 arable =| 37 gig-2 | 20,243 22 74 
6-7 arabk I 278-8 1,15 4 13 
heath I 32° 
6-6 arable 7 192°7 { go? s 1S 
heath 2 38- 
5 heath 27 724°6 2,198 3 1-2 
Third thinning 
7 arable 33 898-3 31,291 35 12°1 
6-7 arable 8 219°! 5,097 23 Fs 
s—6 arable 3 64°5 222 3 1-5 
heath 5 113°2 468 4 1°8 
5 heath 4 1099°5 1,965 2 “6 
Fourth thinning 
7 arable | ! 270° 8.289 31 rS-l 
6-7 arable | 2 43°71 2,448 $7 18-9 
5-6 arable | 2 30°4 327 7 4°2 
5 heath 3 103° 216 2 ‘8 




















Stands occupying soil with pH 6-7, with one exception, exhibited very little 
disease damage at second thinning; the mean loss was 4 cu. ft. per acre. Suscep- 
tibility of these areas to fungus damage did not become apparent until the third 
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thinning when all suffered moderate to heavy losses, the mean being 23 cu. ft. per 
acre. Only two compartments were examined which had received four thinnings 
and both showed extreme damage. 

Nineteen compartments, comprising 439 acres, located on soil with pH 5-6, 
were encountered during the course of the survey. Disease volumes of less than 
10 cu. ft. per acre in eighteen out of the nineteen stands indicated that these areas 
are not suitable for development of severe root rot. An examination of the soil 
profile in the one exception revealed a shallow chalk layer Over a portion of the 
area and a soil pH of 6-7 in the lower rooting zone. 

Stands growing on soil with acid top horizons but with an alkaline subsoil were 
examined for disease. Sixteen compartments were recorded in which a soil pH at 
15-20 cm. of < § increased to 6-7 or > 7 at 50-60 cm. Damage in fifteen out of 
the sixteen compartments was less than 10 cu. ft., showing that only soil reaction 
as measured within the major lateral rooting zone, approximately 10-35 cm., is 
correlated with disease activity. Extensive root rot present in the exceptional 
compartment of this category was associated with a high calcareous clay content 
in the subsoil, with a pH of 6-7 in the lower rooting zone. 

The v ariation in disease incidence recorded on sites with pH > 6 at second 
thinning was difficult to explain from available information. Age of stumps and 
grade of first thinning were consistent for the majority of compartments studied, so 
these were not considered to have any bearing on the problem. Rishbeth (1957) 


* 


and Nleredith (1959) have shown that the month of thinning and the spore popu 
lation of fungi capable of competing with F. annosus are important factors in 
stump infection. These may account for the observed differences in subsequent 

tree infection, but little evidence is available for the compartments studied 
Soil reaction as a factor in root rot dev elopment was studied further within the 
comparatively small area of a single compartment. Six compartments, each con- 
taining extremes in soil reaction and disease damage, were examined. A shallow 
gh soil pH 


within the rooting zone of parts of the first three compartments noted in ‘Table II. 


lime layer and calcareous clay in the profile below 20 cm. resulted in a hi 


The high pH in sectors of the latter two compartments was attributable to the 

luring former cultivation, lime pebbles still being ay | 

the upper horizons. A single sample plot, } acre in extent, was established on each 
P} pie f 2 


application of lime « arent in 
reaction type. Soil was sampled and the profile examined as outlined above. A 
count was made of all living and dead trees within the sample plots. Dead trees 
were expected to indicate immediate fungal activity but their numbers are 
directly affected by the period since last thinning, as all dead trees are removed at 
each cutting. It was felt that the proportion of surviving trees would give a more 
accurate estimate of damage attributable to F. annosus since its inception in the 
stand. 

Reductions in stocking of 12-32 per cent. in stands growing on alkaline soils 
further attested to the severe damage which may result under these conditions 
from root rot. The heavy reduction in stocking and high annual percentage loss 
on the deep aikaline soils of the two agricultural areas were comparable with those 


occurring on the shallow soils. The mean annual killing by root rot of 5-4 per cent. 
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on the shallow soils was ample evidence that F. annosus and not windthrow was the 
primary factor contributing to the losses. 


Taste I]. Numbers of living trees and trees killed by F. annosus on alkaline and 
acid soils within a single compartment 
































Alkaline sector Acid sector Vw 
Mean per- 
Period pH > 6 pH< 5 Percentage® : 
- centage of 
SINCE - = decrease in : 
Vumber of Number of . . | Standing trees 
last 2 number of eee a 
sg standing trees sg standing trees 2 killed annually 
thinning Sorl . Sol living trees |, : 
ss ita per acre per acre eee by F. annosus 
( years depth depth 6 CRMINE came 
(om Li ing | Dead (cm.) Living Dead region Alk. | Acid 
Former heathland Former heathland 
2 30-4 454 $2 go4 $94 236 Peed 
2 25-5 31 46 go+ 456 8 32° 74 9 
1 40-5 380 42 go 458 2 17 II- 4 
1,144 14 1,508 10 25'1 ad | 4 
Former arable Former heathland 
2 S$o-go-+ 62 I go-+ 718 6 12°3 5°3 3 
I 70-9 445 2 go-+ 642 30°2 $°5 
1,078 12 1,36 6 20°" 4°9 7 
































* Normal stocking for cach area assumed to be that occurring on the acid sector. 


Soil depth was studied in relation to disease incidence in further detail. Eleven 
stands growing on shallow soils, less than 60 cm. in depth, and twelve stands 
growing on soils go+ cm. in depth, were investigated for disease incidence. All 
areas had been utilized for growing agricultural crops prior to afforestation and 
the soil pH within the major lateral rooting zone was > 6. Disease losses on the 
shallow soils varied from 10 to 62 cu. ft. per acre, with a mean of 31 cu. ft., while 
losses on the deep soils varied from 13 to 75 cu. ft. per acre, with a mean of 
30 cu. ft. Soil depth was therefore not correlated with intensity of tree killing as 
studied here. 

Day (1946) suggested that infection of pine by F. annosus was preceded by 
injury to roots brought about by adverse environmental conditions. If injury does 
precede infection in East Anglia then it might be expected that disease would be 
greater where only a shallow sand layer overlies the chalk, in which situation root 
development is restricted. Day’s hypothesis is clearly not applicable to those por- 
tions of the East Anglian pine plantations investigated in this study. 

Rishbeth (19514) found killing of young pine, less than 10 years of age, on old 
woodland sites to be more severe where there was only a small amount of organic 
matter on the soil surface. Peace (1938) found no correlation between butt rot and 
depth of humus layer. Mean litter depths, as measured in this survey, were corre- 
lated with soil reaction and, as such, with disease incidence. Where small variations 
in amount of humus occurred within a soil reaction category, no agreement could 
be found between depth and disease incidence in trees over 15 years of age. 
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(ii) Former land utilization 


Most of the area examined in the survey was classified as arable (2,900 acres) or 
heath, including both Calluna- and grass-heath! (2,100 acres). Woodland compart- 
ments were not sufficiently numerous to justify inclusion in the report. As was 
noted previously, forests were divided into four « ategories on a soil reaction basis: 
namely pH 6 


- 
js 


7, 5-6, and < §. Arable areas were confined to the first three 
categories, Calluna-heath to the latter two. In only one group, pil 5-6, was it 
possible, therefore, to compare disease losses on soil of the same reaction but with 
different land use. Seventeen compartments were studied. Although ten of these 
were located on arable sites, in no instance did F ke ft. 
per acre. ‘The mean loss on arable sites was only 1 cu. ft. greater than that recorded 


. annosus losses exceed 10 cu 


r 
ued 


on heathland. These results indicate that prey ious cultivation is assoc iated with a 


high disease incidence only in so far as it raises the pH of the soil to 


> 6. 


Tasce III. Severity of F. annosus in some Scots pine 


and cultivated heathland 


stands 


LTOX 





Natural heathland (soil pH at 


Same he 


athland follox 


mg’ CKlitvatior 


15-20 cm. < § soul pH at 15-20 cm. > ¢ 





Trees killed by F. annosus Trees ktlled by F. annosu 





Soil V 
depth 


olume iume 


of total V 


thinning 


per acre 


volume 


























Average 




















In an effort to obtain a more accurate account of the effects of former land u 


disease incidence was studied on immediately adjacent compartments, one located 


on arable and the other on natural heathland, both of which presumably possessed 


the same soil type originally. Data obtained from six plantations are recorded in 
Table IIT Arable compartments were identified by the presence of lime pebbles 
1 


Grass-heath = grassland B as described by Watt (194 
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which still existed in the top 18 inches of the profile, addition of which had in- 
creased the pH of the acid Calluna-heath to > 6. Cultivation, accompanied as it 
was here by a marked increase in soil reaction, was particularly outstanding as a 
factor in disease activity. Damage in stands growing on Calluna-heath was 
izible, losses in excess of 4 cu. ft. per acre being recorded in only two compart- 

his the smallest volume destroyed by F. annosus on arable 


and six out of oe compartments had losses in excess of 


* disease incidence in stands growing on arable, Calluna 
seen by further reference to ‘Table II. Killing 
reater than that on Calluna-heath when the tw 

small area of a single compartment 
ility to F. annosus ot pin uy rrowing on 
may be seen by referring to the first four 
annual killing on the alkaline grass-heath was 5-4 
ent. on the ac id heath; the mean sto king 

y 24 | per cent. 

l evidence relating soil reaction to di ; 

he volume of timber killed by F. annosus in th stands occupying 
heath, soil pH < 5, was 2-9 cu. ft. per acre, as con xared with damages 


of 16-98 cu. ft. in stands on arable areas, soil { 


(iii) Forest management 


‘Twenty-three compartments, comprising 428 acres, which had undergone only 
one thinning were examined in the survey; twenty of these were planted on arable 


aii 
or heath and three on old woodland. Of the former, seventeen showed no evidence 
disease, while in the remaining three stands disease was confined to typical 


If moon’ openings adjacent to racks which had been cut through the stands 


some years — to first thinning. In each of the three compartments occupying 
old woodland, disease was distributed throughout the entire stand. Old stumps of 


I. 
the previous crop, a few of which still bore active F. annosus sporophores, were 
associated with man} of the disease openings examined in the latter compart- 

lly substantiate earlier findings reported by Rishbeth 


ments. These results broa 
(19514). 

A summary of disease losses at second, third, and fourth thinnings is presented 
in Table IV. T ild-up of F. annosus with successive thinnings in plantations, 
as noted by Ris hbe th (1957), was apparent only in those stands occupying a soil 
with pH >- 6. Stabilization of infection centres in stands less than 25 years of age, 
occupying acid soils, as reported by Rishbeth (19514), was apparent throughout 
the entire survey. Stands occupying soil with a pH _>- 6 exhibited a large increase 

j 


in root rot from second to third thinning, but by the fourth thinning damage on 


bu 
with a pH > 7 had levelled off or had decreased slightly. No disease 


zation was evident in the majority of these latter stands. 
Records of F. annosus damage at two successive thinnings in the same stand were 


available for only ia een compartments, all of which were located on soils of 
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pH ~=- 6. Eleven stands had undergone a second and third thinning while three 
had undergone a third and fourth. Root rot damage was higher with successive 
thinnings in all stands but one. Losses increased 2—15-fold where damage at the 
first of two successive thinnings was light. In those stands where damage was 
severe at the first of the two « uts, increases of less than one-third were evident at 
the latter thinning. ‘Vhus, as far as it is possible to state from such a small sample, 
it would appear that the extent of the present damage is of more significance in 
predicting future losses than is age of the crop, at least until 35 years, the maximum 
ave rc orded in this survey. 


‘Taste IV. Volume of V. annosus in pine stands having undergone two to four 


thinnines and growing on soils of various reactions 





| Vean volume of trees killed by 


I. ant 3 u. ft per acre 


Thinning 
Second ] Third Fourth 
22 5 3! 


4 
$ 














Incidence of F. annosus in pure Corsican pine and in mixed Corsican-Scots pin 
was examined in one study (Vable V). Of particular interest are the low volume 
per acre losses accruing from root rot in the former stands. ‘wo compartments 
thinned in 1954, had extensive disease, but when surveyed in 1958 little evidence 
of F. annosus was apparent, the stands appearing to be well stocked. With the 
exception of the two compartments mentioned, losses were equivalent to those 
occurring in Scots pine on acid soils. Mixed stands of Corsican-Scots pin 
ever, were usually associated with heavier disease losses. Seven out of elev 
partments studied on soil with pH > 6 exhibited damage in excess of 2 
per acre. Vhe mean loss of 2§ cu. ft. per acre at the second thinning wa 
that occurring in comparable pure Scots pine stands growing ona 
pli -, 

‘The author was unable to find any records of the extent of root rot dama 
pure Corsican pine stands. The results of the present investigation suggest t! 
consideration should be given to this latter species for planting on alkaline areas, 
particularly susceptible to root rot. Established stands attest to the suitability o 
Corsican pine for growth on certain sites in East Anglia. 

Small losses from root rot in pure Corsican pine stands suggest that spread 
the fungus is much retarded under these conditions. Vhat Corsican pine n 
unde rvo severe killing Is evident from the heavy losses recorded in th mixed 
stands. In these latter areas it would appear that the fungus builds up on the more 
SUSE eptible Scots pine from which it passes to Corsican pine. For this reason, then, 
there would appear to be no advantage in planting Corsican pine mixed with any 
known susceptible species 
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Tape V. Thinning data and disease incidence for some East Anglian Corsican 
pine and mixed Corsican-Scots pine plantations growing on soils with pH greater 
than 6 





Trees killed by F. annosus 





Thinning 





Vean %, of 
Total Total volume total 
area volume per acre thinning 


(acres) cu. ft. cu. ft.) volume 





Corsican pine 
Second 380 514 
Phird 264 1,323 


> 


Fourth 5 136 44 





Mixed Scots-Corsican p1 
Second 3,0 
Phird ) + 2,35! 


Fourth 




















(iv) Some econo implications of Fomes annosus attacks 


Economics of stump protection in stands growing on acid soils should be con 
sidered in relation to the small volume of damage recorded there. \pproximately 
15-20 per cent. of East Anglian soils may be classed as acid. The current survey 


indicated that mean volume per acre losses to be expected on these areas at second 


I 
and third thinning is 3 and 2 cu. ft. respectively, or a value less than the cost of 


stump protection. From an immediate economi standpoint, therefore, the extra 
management required in stump treatment may not be warranted; however, from 
a disease aspect this procedure is thought to be entirely justified. Stumps bearing 


1 


active sporophores are common throughout a large proportion of these stands 
(p. 212). This situation, if not checked, will result in an extremely high infection 
potential throughout the entire forest area. Further, since stumps in acid stands 
are susceptible to infection, no area will remain free from disease unless protected, 
and should future management deem it advisable to replace pine with another 
butt-rotting spec ies, extensive clearing at high cost to remove the fungus would 
be required. 

The value of timber destroyed at any one thinning by F. annosus on alkaline 
soils ranged up to {7 per acre, with a mean on soils with a pH > 7 at third thin 
ning of £4. gs. F. annosus was particularly evident as a killing agent on alkaline 
arable soils in the Didlington forest. Here, a loss of 350 cu ft: per acreovera 5 year 
thinning period was attributable to the fungus, the total damage amounting to 
{25 per acre. 


DISCUSSION 


From the results of the survey it is apparent that Fomes annosus damage in East 
Anglian pine stands is closely correlated with soil reaction. ‘The critical pH at 
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15-20 cm. depth for prediction of future losses is 6. Above this, root rot may cause 
moderate to severe damage in most stands by the end of the first rotation; below 
pH 6 the expected damage may be of little consequence. Alkaline soils, whether 
arising from a naturally high calcareous content or from previous agricultural 
practices, were favourable for rapid development of F. annosus. Stands growing 
on deep alkaline soils suffered as severely from root rot as those on shallow soils 
Windthrow is an additional factor to be considered in connexion with the latter 
stands but this was not considered in the present study. 

Mi St worke rs, since the earliest studies of F. ANNOSUS, h i\ ce observ ed severe attacks 
of root rot on cultivated land. Reasons for these attacks, however, have been 
ascribed to a number of causes. Hiley (1919) and Konig (1923), believing that 
F. annosus could only infect a host through dead or dying roots, attributed heavy y 
losses in a first crop on arable to killing of roots brought about by the impervious 
nature of the subsoil. Approximately one-half of the arable sites studied in the 
present survey were located on deep, friable sand which showed no evidence of an 
impervious layer capable of restricting root development or water movement 
Presence of dead roots resulting from an impervious subsoil cannot, therefore, be 
considered as a primary factor in aiding the spread of root rot in East Anglian 
plantations. 

Weis and Nielsen (1927) were of the opinion that when spruce was planted upon 
fallow fields it usually grew very well, most probably changing the soil reaction 
toward the pH usually existing in coniferous forest soils, i.e. pH 4-0-4°5. Lime 
pebbles were still evident in most arable soils examined in the present survey even 
though the land had become derelict 75-100 years previously. Studies of these 
areas showed that the addition of lime had raised the reaction of Calluna-heath 
from < § to 6-7 or > 7 in most instances. Opinions held by Weis and Nielson 
for spruce, therefore, cannot be considered applicable to East Anglian pine stands 
in their present stage of development. 

Rennerfelt (1952-3) was of the opinion that when studying attack by F. annosus 
a number of factors of a complex nature must be considered: attack might be 
determined not only by chemical and climatic conditions, but also by the presence 
or absence of other organisms against which it cannot compete. Climatic factors, 
although undoubtedly influencing the range of F. annosus, had little bearing on 
the present study where extremes in disease incidence were recorded in small areas 
having essentially similar climatic characteristics. ‘The physical disturbances 
brought about by cultivation also appeared to be of little consequence since no 
variation in disease incidence could be detected in stands growing on disturbed 
and natural soils having the same reaction categories. It was not possible to study 
chemical properties and soil microflora in detail in this survey. However, it was 


noted that at least 35 per cent. of compartments with acid soil in which no disease 


losses were recorded contained stumps upon which sporophores were common. It 
would appear, then, that pine wood in these stands, as exposed on freshly cut 


stumps, was susceptible to infection by F. annosus spores, but for some micro 
biological or chemical reason, disease spread was very limited. Rishbeth (1951?) 


has discussed the former possibility. 
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Results of the present survey would suggest that for East Anglian pine planta- 
tions former land utilization, with the exception of woodland, is pertinent when 
predicting future disease incidence only where the undisturbed soil is acid and 
when the previous treatment has raised the pH to > 6; that is to say, losses on 
arable or heathland will only be high when cultivation or the presence of naturally 
occurring lime has created a soil with a pH > 6. 

F. annosus will, in all probability, be absent at first cutting in first rotation crops. 
Expected losses may not become apparent until the age of third thinning, damage 
at second thinning tending to be erratic. 

The survey indicated that Corsican pine shows some resistance to spread of root 
rot and is suited to alkaline environments, i.e. areas particularly susceptible to 
heavy root rot damage. A more detailed investigation of Corsican pine appears to 
be warranted. 
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15-20 cm. depth for prediction of future losses is 6. Above this, root rot may Cause 
moderate to severe damage in most stands by the end of the first rotation; below 
pH 6 the expected damage may be of little consequence. Alkaline soils, whether 
arising from a naturally high calcareous content or from previous agricultural 
practices, were favourable for rapid development of F. annosus. Stands gr 
on deep alkaline soils suffered as severely from root rot as those on shallov 
Windthrow is an additional factor to be considered in connexion with the 
stands but this was not considered in the present study. 

Most worke rs, sing e the earliest studic s of F. ANNOSUS, have observ ed severe attach 
of root rot on cultivated land. Reasons for these attacks, however, havi 
ascribed to a number of causes. Hiley (1919) and Konig (1923), believing 
F. annosus could only infect a host through dead or dying roots, attributed h 
losses in a first crop on arable to killing of roots brought about by the im; 
nature of the subsoil. Approximately one-half of the arable sites studic 
present survey were located on deep, friable sand which showed no evidence: 
impervious layer capable of restricting root development or water m 
Presence of dead roots resulting from an impervious subsoil cannot, therefi 
considered as a primary factor in aiding the spread of root rot in East Angliar 
plantations. 

Weis and Nielsen (1927) were of the opinion that when spruce was planted upon 
fallow fields it usually grew very well, most probably changing the soil reaction 
toward the pH usually existing in coniferous forest soils, ie. pH 4°0-4-5. Lime 
pebbles were still evident in most arable soils examined in the present survey even 
though the land had become derelict 75-100 years previously. Studies of these 
areas showed that the addition of lime had raised the reaction of Calluna-heath 
from < § to 6-7 or > 7 in most instances. Opinions held by Weis and Niclson 
for spruce, therefore, cannot be considered applicable to East Anglian pine stands 
in their present stage of development. 

Rennerfelt (1952-3) was of the opinion that when studying attack by F. ann 
a number of factors of a complex nature must be considered: attack might 
determined not only by chemical and climatic conditions, but also by the pr 
or absence of other organisms against which it cannot compete. Climatic fac 
although undoubtedly influencing the range of F. annosus, had little bearin; 
the present study where extremes in disease incidence were recorded in small a 
having essentially similar climatic characteristics. ‘The physical disturba: 
brought about by cultivation also appeared to be of little consequence since 
variation in disease incidence could be detected in stands growing on distu 
and natural soils having the same reaction categories. It was not possible to 
chemical properties and soil microflora in detail in this survey. However, it was 


noted that at least 35 per cent. of compartments with acid soil in which no disease 
i 


losses were recorded contained stumps upon which sporophores were common. It 
would appear, then, that pine wood in these stands, as exposed on freshly cut 
stumps, was susceptible to infection by F. annosus spores, but for some micro 
biological or chemical reason, disease spread was very limited. Rishbeth (1951?) 


has discussed the former possibility. 
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Results of the present survey would suggest that for East Anglian pine planta- 
tions former land utilization, with the exception of woodland, is pertinent when 
predicting future disease incidence only where the undisturbed soil is acid and 
when the previous treatment has raised the pH to > 6; that is to say, losses on 
arable or heathland will only be high when cultivation or the presence of naturally 
occurring lime has created a soil with a pH > 6. 

F. annosus will, in all probability, be absent at first cutting in first rotation crops 


Expected losses may not become apparent until the age of third thinning, damage 
at second thinning tending to be erratic. 

The survey indicated that Corsican pine shows some resistance to spread of root 
rot and is suited to alkaline environments, i.e. areas particularly susceptible to 
heavy root rot damage. A more detailed investigation of Corsican pine appears to 


be warranted 
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Vatter Keitikancas. ‘Suomalaisista Seinasammaltyypeista ja Niiden Asemasta 
Cajanderin Luokitusjirjestelmassi’ (‘Finnish Feather-Moss Types and their 
position in Cajanders forest site classification’). Acta Forestalia Fennica, \xix. 2. 
Helsinki, 1959. 


Review by A. Caruiste and A. H. F. Brown 


AJANDER’S system of the differentiation of forest site types on the basis of their 

ground vegetation has been the subject of controversy since its inception, both within 
the country of its origin, Finland, and elsewhere in Europe. In this paper, which is written 
1] 


in Finnish with a detailed English summary, the author brings together a considerable 


quantity of data from many sources, and discusses critically the theoretical basis of Cajan- 


der’s scheme and the arguments presented both by its critics and its supporters. It is a 
useful source of information for students of forest site classification. The author proceeds 
to consider whether or not Cajander’s system withstands close inspection in the light of 
modern knowledge. 

Cajander’s forest site types consist of broad units based on the characteristics of the vege- 
tation, the soil, and the tree-growing stock. The system, therefore, reflects phytosocio- 
logical, regional, and forest economic characteristics, a trilogy which apparently gives the 
scheme versatility, at least in Finnish forest conditions. The system only applies to produc- 
tive forest stands. The site type, which is essentially a major vegetation unit, does not 
necessarily refer to one particular plant community, but may include several variants, repre- 
senting different phases of the site type. The site type is regarded as relatively permanent, 
and only changes over long periods. It is independent of such short term phenomena as fire 
or changes of tree species. These may alter the plant community, but this represents only 
a change of phase within the site type. The author emphasizes these points, which seem to 
have been misunderstood by some other workers. Cajander aimed at evolving a natural, 
versatile, and practical system, and whether or not he achieved this has been the subject 
of much discussion. Criticisms which have been levelled at the system are the questionable 
validity of the idea of permanent site types, the subjectivity of the method, dependent as 
it is on the skill and experience of the individual worker, and the complicated structure of 
the system. The author discusses these points critically, and concludes that many of them 
are due to incorrect interpretation of the system. Whether or not this difficulty of inter- 
pretation can be regarded as a failing of the system, remains a point in question. The posi- 
tion of old virgin forest types in the system is a subject about which more could have been 
written. 

Cajander’s system appears to fit Finnish forest conditions quite well, and it has been used 
widely in that country in the preparation of forest inventories and in silviculture. In any 
method of classification, however, there are units which do not fit readily into the system. 


Cajander’s system is no exception, and the site type in question is the H/ylocomium-M yrtillus 
F 


type (or HMT), one of the Feather-Moss types. It has been observed that when a northern 
Myrtillus type (MT) bearing birch or pine is invaded by spruce, the site apparently becomes 
the Hylocomtum-—Myrtillus type (HMT). This change of MT to HMT is at variance with 
the idea of the permanency of forest site types, a fundamental principle of Cajander’s 
theory. The author discusses this point in detail, quoting other authors at length, and con- 


cludes that the apparent change from one forest site type to another is merely a change in 
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phase. MT and HMT are quite different in their site characteristics and distributions. The 
similarities of vegetation of HMT and MT are only of a parallel nature. The author 
discusses in detail the objections of Tamm and Sirén to the concept of permanent site t 

and does not regard them as valid. Finally parallel site types within the category 
Feather-Moss type are considered, and their status and interrelation discussed 


} 


The author concludes that Cajander’s theory of forest site types stands up to thi 


examination, but emphasizes that the system is incomplete and needs further elabor 
This complex problem has been presented with as great a clarity as the subject permits 
One hesitates to criticize the logic of the arguments, as it would be easy to misinterpret the 


intention of either the author or Cajander 


J. N. R. Jervers. Experimental Design and Analysis in Forest Research. Published 
by Almqvist and Wiksall, Stockholm, for the International Union of Forest 
Research Organizations. 104” « 74”, 172 pp. Obtainable from the publishers, 
25 Sw. Kr. 


Review by M. R. Samprorp 


gprs title of this book is misleading: it is in fact a handbook intended to present, with 
appropriate examples, all statistical methods of use in forest research. Subjects treated 
are experimental design and analysis (including transformations and the analysis of covari 
ance), the x? test, sampling, and regression and correlation. 


The book contains many instructive examples (worked in considerable detail) and m 


good advice: unfortunately it also contains far too many misleading statements and ex 


1 


amples (of which only the most serious can be mentioned here) to be recommended to any 
I 


reader without a sufficient knowledge of statistics to recognize these. Too much is attempted 
in the space available, and the book gives the impression of having been written, or possi 

shortened in manuscript, rather hurriedly. Several technical terms and symbols appear 
without prior definition, and on several occasions the word ‘therefore’ is followed by a cal 
culation that is by no means obvious, but is not explained. 


The chapter on experimental design is far too short for the wide range of desigi 


cussed, and hence rather superficial. The treatment of randomization is sketchy, and it 


ding on latin squares. 


he author recommends that every experiment should be subjected to a preli 
analysis, based on the ranges of the observations for the various treatments, and t! 
plete analysis should not be performed when either significance or lack of significanc 
clear. In the latter case, this recommendation is extremely dangerous: a warning is ¢ 
that the use of the range may very much over-estimate the standard error, but it is 
always easy for the inexperienced worker to detect this without doing tl 
(particularly with latin squares), and an hour's computing time is dearly 
of many months’ field work if genuine differences are missed in a preliminary anal 
the other hand, legitimate methods of reducing computing labour, such as coding 
vations, are not mentioned. 

It is stated that, when treatments are compared at different sites, the treatment diftl 
ences should be tested against the ‘sites x treatments’ interaction when sites are no 
domly chosen, but against the pooled within-experiment error when the sites 
regarded as random. This is not correct. The test against pooled error is always permissible 


but its conclusions can be taken as applying only to the sites tested; the test against inter 
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action | 


erMits statements to be made about the whole population of sites, but only when 


are randomly chosen. 
ery unsatisfactory. This test is probably used, and certainly mis- 


the expe rin en 


The treatment of X 
used, far in any other, and most examples of its misuse arise from fail 
hen the observations are independent. Not only 
quirement nev ated, but in two out of the three worked examples the risk tha 
i ven though the test may, in fact, ha lid 
the inexperienced reader may ll be le 


appreciate 


yle situation 
he most part of a high standard, and there ar 
hree text displays have been mislaid: one 
up as the second part of Table 2a.6 on | 
sar on p. 54, have apparently been lost completels 
The last chapter is a hort, but exe eller ce di Cussio! } 


1 } 


bibliogr: 


There is 


Biology of Mycorrbiza. London: Leonard Hill, 1959. P 


J. L. Harvey. The 


233, 15 text-figures, 


nate 
with root 
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ectotrophic mycorrhizas, which 
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physiology 
field, is the e, and in many ways 1g. 
Part ITl s) gives an account of the endotrophic mycorrhizas. Chapter VII 
the mv 1 families, at last makes some sense out of the confi 
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which has long surrounded 


ymme of the ec totrophic and ectend trophic infections of torest trees to en 
lays, ger tly but, it 1 to be hoped, ny ally, the long-lived gt ost of nitrogen 
leal at some 


buted to these endophytes. The next two chapters « 
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between raising uninfected transplants of large size by manurial treatment, and letting them 
pick up infection when planted out in the forest; or well-infected plants under more natural 
conditions, either unmanured, or with compost or fertilizer insufficient to suppress the 
mycorrhizas. In this connexion it is important to learn to distinguish the appearance of 
normal and of deleterious infections. Points in favour of the infected seedling are: that 
mycorrhizal roots have been shown to be more resistant to drought and to frost than unin- 
fected roots; that they are less liable to injurious infections; and that they are less liable to 
damage during lifting. 

The book itself is one of the publisher’s series of Plant Science Monographs, and is well- 
produced in a rather stolid textbook style. It is not long, and it is a pity that, on a subject 
of such wide interest, it could not be lower in price than §§s.; for it is likely to remain a 
standard work on the subject for some considerable time. 


P. J. Kramer and T. T. Kozrowsxi. Physiology of Trees. McGraw-Hill Book 
Company, Inc., New York, 1960. Pp. 642, $10 net. 


Review by S. D. Ricnarpson 


HE publication of the first comprehensive textbook of tree physiology has been eagerly 

awaited by foresters and horticulturists since it became known in 1956 that Kramer and 
Kozlowski had such a project in hand. A text of this sort is long overdue and this book 
should be welcomed with enthusiasm as a worthy successor (though not a replacement) of 
Busgen and Miinch’s The Structure and Life of Forest Trees. 

In their preface the authors state that the book has been written for use ‘either as a 
textbook or as a reference’ by ‘practising foresters, arborists, horticulturists, botanists and 
agronomists as well as teachers, students and investigators’. It may well be thought that 
any attempt to suit so varied an audience would be bound to fail, and it must be admitted 
that the book suffers from somewhat uneven coverage of the field, particularly with regard 
to the European literature; nevertheless, as an introduction to the many problems of tree 
growth and development, and as a guide to the more important North American literature, 
the book merits high commendation. 

There are sixteen chapters. In the Introduction, the science of physiology is defined and 
related to forestry by Kleb’s concept of growth resulting from the interaction of genotype 
with environment. Various physiological processes are listed, but with the minimum of 


discussion, and a brief historical review ends the chapter. In view of the importance of the 


early German contributions to the field of tree physiology and the lively controversies 
which they initiated, it is a pity that the authors have contined themselves to the ‘readily 
accessible’ literature; but limitation of space obviously prevented any detailed historical 
treatment. 

Chapter 2 deals with ‘Growth and Structure’ and forms a readable account of stem ana- 
tomy and development, height growth, and root growth. Physiologists may feel that the 
factors affecting the initiation of cambial activity have been seriously over-simplified, and 


} 
} 


some will certainly quarrel with the conclusion that there is no inherent periodicity in tree 
root development; but, in general, the chapter provides a useful summary of present know- 
ledge. 

‘Photosynthesis’ is treated in Chapter 3, and again forms a valuable review of selected 
literature. Foresters will be grateful that the mechanism of photosynthesis is not discussed 
m any detail and that the bulk of the chapter is devoted to environmental effects on carbon 
assimilation; but they may feel that a paragraph relating such effects to forestry practice 


3355 .2 Q2 
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would have been useful here. Physiologists, on the other hand, may complain that certain 
important aspects of photosynthesis (e.g. induction phenomena) have been ignored and 
that others (such as the importance of light quality) have been under-estimated. It is surely 
not true, for example, that ‘under coniferous trees . . . no great changes occur in light 
quality’; such changes do occur, but they are usually masked by relatively greater changes 
in light intensity. 

The next three chapters on, respectively, ‘Carbohydrate Metabolism’, ‘Nitrogen Rela- 
tion of ‘Trees’, and ‘Fats, Oils, Terpenes, and Related Substances’ ought not to (but prob 
ably will) be beyond most British forestry graduates. They provide an interesting catalog 
of some of the chemical compounds found in trees and useful data on their distribution 


hat 


Unfortunately, so little is known about the significance of many of these compounds t 
it is impossible to discuss practical implications with any confidence. The chemical n 
of disease resistance, however, is recognized and the possible taxonomic value of c! 
analyses is appreciated. 

In Chapter 7 ‘Assimilation and Respiration’ are discussed. Biochemical aspects are not 
over-stressed and extensive data on process rates are presented. Again, however, most 
foresters will search in vain for any treatment of silvicultural implications. Chapter 8 deal 
ing with “Translocation and Food Accumulation’ gives an excellent survey of | 
knowledge concerning mineral and organic compound movement in trees, and the authors 
are scrupulously fair in their discussion of transport mechanisms. This is one of the few 
aspects of tree biology that have received much attention from physiologists and, in view of 
the lack of progress that has been made, it is not surprising that a note almost of despair 
can be detected in the authors’ conclusions: ‘All we are certain of is that translocation does 
occur through the phloem.’ 

Chapter 9 on ‘Mineral Nutrition and Salt Accumulation’ deals with the role 
various macronutrients and with analytical methods. In this chapter inattention t 
European literature is particularly apparent and the authors discount or ignore much im 
portant work on nutrient requirements in both the horticultural and silvicultural fields 
The sections on salt absorption, however, are very well done. 

The next three chapters are all concerned with water relations of trees and, in the opin 
of the reviewer, they are the best in the book. The senior author is, of course, or 
ground in discussing water relations and this becomes immediately apparent i 
exposition of problems and in his greater willingness to evaluate rather than sim] 
the work of other investigators. 

*Transpiration’ is comprehensively treated in Chapter 10 and ‘Absorption of Water an 
Ascent of Sap’ in Chapter 11. The rather complicated terminology is reduced to ord 
the literature is reviewed much more critically than in the earlier chapters. Chapter 12, on 
‘Internal Water Relations’, deals inter alia with the seasonal and spatial variation in stem 
moisture content and should be required reading for all wood users who contemplate buying 
timber on a weight basis. In this chapter, too, certain empirical forestry practices are called 
in question and the need for research into drought resistance is emphasized. 

Chapter 13 treats of ‘Reproduction’. Anelementary account of flowering and fruit forma 
tion is followed by a section on seed production. Wisely, the authors avoid any 
of modern techniques of stimulation of seed production, preferring to wait until 
less empirically based. The « hapter ends with a good account of practic al methods 


tative propagation. There is little physiology in this chapter and horticulturist 


disappointed that the emphasis is primarily upon matters of forestry 
PI I k y uy 

on ‘Physiology of Seeds and Seed Germination’ is also strictly factua 

literature survey. It is felt, however, that the presentation of data, which are sometimes 
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conflicting, without much attempt to draw conclusions, may prove disconcerting to 
students. 

The final chapters deal with tree growth; Chapter 1§ in terms of ‘Internal Factors 
Affecting Growth’ and Chapter 16 on ‘Environmental Factors Affecting Growth’. Com- 
petition within a between individual trees, correlative phenomena, dormancy, ageing, 
and tree improvement form the principal topics of Chapter 15 and the authors make a plea 
for more ohysi iological research in relation to these problems. The value of physiology in 
assessing the progeny of controlled crosses is cogently argued. 

In the last chapter, factors affecting the growth of stands rather than individual trees are 
discussed and a section is devoted to cultural practices. This ; disappointing in that thin- 
ning, pruning, and girdling are the only operations included. To the European forester, at 
any rate, some discussion of the physiological implications of ground prep pg ai 
and silvicultural systems would be valuable; as well as more detailed examination of thin- 
ning grades and the assumptions on which they are based. 

Taking the book as a whole it seems to the reviewer that the authors’ approach inevitably 
leads to some repetition, and occasionally to apparent contradiction. For example, on 
pages 232 and 240 the point is made that lime-induced chlorosis can no longer be asc 

ply to an iron deficiency, but is due rather to a general metabolic disturbance; on page 

, however, it is claimed that ‘. . . injury of higher pH values most often results from 
decreased availability of elements such as iron . . .’. Similarly, on page 437, in discussing the 
effect of water deficits on photosynthesis, the authors criticize the assumption that de- 
creasing soil moisture is always accompanied by an increasing water deficit within the plant; 
on the following page they write of ‘plants grown with a lower supply of water and there- 
fore subjected to appreciable water deficits . . .°. Criticism might also be levelled at occa- 
i ph construction (e.g. page 416, where the last sentence of the first 
paragraph has obviously | misplaced from the second paragraph); and at the disturb- 
ig facile accep : of a statistical correlation as evidence of a causal relationship 
(page 47). A few mis i 
review of this sort is 


the text should be corrected in the second edition, but a 


ne 


place to draw attention to them. 

‘The above criticisms are minor and should deter no one from reading this book. It is well 
produced in the standard 1M Graw-Hill format and, in view of the amount of useful infor- 
mation contained in it is very reasonably priced. It will be invaluable to University 
teachers and biological research workers, and useful to all foresters. If the authors fail to 
satisfy all their readers, this will be due to the impossibly wide audience they have attempted 
rious deficiencies in the book itself. 


Davis, G. C. Grant, J. J. MacGrecor, F. E. Batman, and T. W. Irvine 
Survey of Private Forestry Costs in Great Britain. Summary Report for Forest 
Years 1951-52 to 1955-56. Jointly prepared by Forest Economic Sections, 
Departments of Forestry, Universities of Aberdeen and Oxford. 1959. Price 

. 6d 
Review by W. E. Hirey 


HE Forest Economics Sections at Oxford and Aberdeen have now issued five annual 
reports which are concerned in the main with the cost of establishing plantations on 
private estates. The work of these sections has provided a great deal of information which 
can be used by forest economists, and it has been of particular service to those estates which 


have co-operated by enabling them to compare their costs with those on other estates which 
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are performing similar operations. It may also serve as a basis for changes in the Forestry 
Commission grants which assist planting and the management of privately owned woods. 

The data available each year, however, have been insufficient for establishing relation 
ships between costs and the many variables which affect them, such as size of plantation, 
planting distance, and species. The population has not been large enough for this purpose. 
But, by combining the results obtained in two countries over a period of § years, the popu- 
lation has been increased many times, and it may be legitimate to draw conclusions from 
these combined results which could not have been obtained in individual years. A large part 
of the Summary is devoted to computations of this sort and to comparisons between the 
costs north and south of the border. 


During the years under review wages and other costs have risen, and in the Appendix 
} 


such changes have been allowed for. In the body of the Summary, however, these changes 
appear to have been ignored, though, since the number of co-operating estates has remained 
more or less constant, this may not have seriously affected the computed influence of each 
factor. 

The report includes three ‘Parts’ and an Appendix. Part One is devoted to an overall 
account of the distribution, size, and operational activity of the co-operating estates: Part 
Two to the costs of individual operations and complete establishment: Part Three to over- 
heads: and the Appendix to costs ‘adjusted’ to the level of 1955-6. Each section contains 
some very interesting results, but in a review only a few can be picked out for special 
mention. 

Table F shows the percentages of the various species planted in England and Wales and in 
Scotland by the private estates taking part in the survey, and by the Forestry Commission, 
during the period 1951-2 to 1955-6. These percentages are stated for each year and the 
authors are careful not to average the percentages as the results of averaging would be statis- 
tically invalid. Nevertheless, the figures are of so much interest that I have averaged them 
for my own use and, while acknowledging their lack of precision, | reproduce them in the 
accompanying table. Among the features disclosed by this table the following may be noted. 

Broadleaved trees constitute about a sixth of those planted in England and Wales, but 
only a fiftieth of those planted in Scotland. Most of the beech is planted by the Forestry 
Commission. Sitka spruce is the most popular tree in the Forestry Commission, while 
private estates plant twice as much Scots pine. The larches and Douglas fir constitute larger 
proportions on private estates than in Forestry Commission plantings, whereas Pinus con- 
torta is far more liked by the Commission. These differences can be accounted for by the 
better average growing conditions on private estates. 

Those who are familiar with the Annual Reports which have already been published by 
Oxford and Aberdeen will look with special interest for some explanation of the remarl 
difference between the cost of establishing plantations in England and Wales and the cost 
in Scotland. Figures selected from Table IX are reproduced here and these show the direct 
costs up to 4 years after planting; they include weedings for § years and beating up for 
4 years. These figures show the vast differences in cost between the two parts of Britain, 
but in order to explain them it is necessary to refer to other parts of the Summary. One 
factor may be that Scottish woodmen work harder than English and Welsh, and the 
validity of this factor is supported by the fact that the cost per h. ft. of thinning is lower in 
Scotland than in England and Wales; but in order to prove this it would be necessary to 
correct for other variables such as the larger size of the planted areas in Scotland, the small 
amount of coppice and coppice with standards (which are particularly expensive to replant), 
the popularity of Scots pine (which is cheap to plant) and the lesser incidence of weeds 
The influence of all these factors on cost is brought out in the earlier sections. 
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Averages of Percentages of Species Planted 





England and Wales Scotland 





Private F.C. rate F.C. 





Oak . - 65 
Beech . , 4°8 
Other B/L ; ; ; ‘ “2 








Scots pine 

Sitka spruce . 

Norway spruce 

The larches (EL, JL, HL 
Douglas fir 

Pinus contorta 


Other conifers 





Conifer total P , 3 *5 82° 98° 98° 

















Most of the items included under overheads are common to all systems of accountancy, 
but in certain respects the practice adopted in this Survey is open to criticism. Money spent 
on land improvements, such as road construction, enhances the value of the land and in the 
Faustmann formula should be included under ‘S’; such expenditure is non-recurrent. Also, 
the maintenance of roads and fences and the cost of protection can there be charged to ‘e’ 
If all these costs are aggregated into ‘overheads’ it is not clear how the result can best be 
used in financial calculations. Nevertheless, it is useful to see how much they amount to, 
and it appears that the unweighted averages which overheads represent on direct costs are 
§1 per cent. for England and Wales and §§ per cent. for Scotland, their absolute amounts, 
per acre of woodland owned, being (2. 35. and (1. 85. 

Statisticians will be tempted to search the numerous tables contained in the Summary 
Report for many correlations and we are glad to learn that ‘more complex analyses were 
undertaken as a separate study by Mr. J. N. R. Jeffers, Statistician to the Forestry Com- 
mission, with the aid of the digital electronic computer at Farnborough’. But whether or 
no such analyses disclose further relationships, there is no doubt that the actual figures of 
costs shown in the Summary Report, and in the Annual Reports which preceded it, are of 


great importance in the study of British forest economics. 


Representative Direct Costs of Establishment up to and including the Fourth Year after Plantin 
] g ‘4 


Direct Costs per acre—Weighted Averages 





1953-4 1954-5 1955-6 Average 





Sc. W. 


en ee 
Prep. ground . 8-3 
Fencing - , “1 . . x . 62 9°4 
Planting ; ‘ . . 

Weeding . . ‘ . 3 , . “ " 15°5 
Beating up. , 8 : : . “1 . . 4°9 


> ~s 


Total . ° . . 3 3 63,0 
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Torsten Incestap. ‘Studies on Manganese Deficiency in a Forest Stand.’ 
Meddelanden Fran Statens Skogsfaskningsinstitat. Stockholm, 14359, vol. 48, 
No. 4. 1959. 

Review by G. D. Homes 


HIS is a most interesting original paper describing investigations into the causes 0 
chlorosis of Norway spruce (Picea abies, Karst.), and birch (Betula verrucosa, Ehrh.) 
growing on a drained lime-rich fen on the Isle of Gotland. The site concerned was a low- 
lying sandy peat with a pH value of 8 or more down to a depth of 30 inches. Under these 


conditions, both species showed marked chlorosis of the foliage. Spruce exhibited striking 


pale green or yellow colours of current needles, while birch showed light green-yellow 
h 


colours between the veins, especially on the older leaves. In all cases the chlorotic 
symptoms were accompanied by retarded growth of the trees. 

In view of the high pH of the soil, it was considered that chlorosis was probably sympto 
matic of a trace-element deficiency, possibly manganese, and a series of field trials were 
carried out from 1954-7 testing this hypothesis. A range of treatments was applied to 
chlorotic trees testing soil dressings, foliage sprays, and stems injections of several nutrients 
for purposes of diagnosis of deficiencies. 

Initial trials of soil dressings of phosphorus, manganese, boron, copper, and zinc had 
little or no effect on chlorosis, but foliage spraying with a manganese solution containing 
1 per cent. MnCl, 4H,O resulted in almost complete recovery of the crop within 2 months 
of spraying. Subsequently, foliage spraying with manganese solutions was extended to 
include concentrations from 05 to 10 per cent. MnCl, 4H,O, and compared with stem 
injections with §0 per cent. solutions. Both spruce and birch showed dramatic and com- 
plete recovery of colour, accompanied by a marked increase in the manganese content of 
the needles, following foliar spraying at all concentrations. Stem injection was also success- 
ful, and for spruce appears to be more effective than foliar spraying, judged in terms of 
increased manganese levels in the needles. Effects of treatments on crop growth were rather 
inconclusive owing to the small number of trees measured, but taken in aggregate the 
figures suggest a definite growth improvement. Foliar analyses indicated that chlorotic 
symptoms are associated with manganese levels in the leaves of 0-o004-0-0015 per cent. for 
spruce, and 0-0007-0-0017 per cent. for birch; levels which compare well with those quoted 
for fruit trees and other crop plants. 

Chlorosis, or ‘lime-induced chlorosis’, of tree crops is a well-known feature of c 
calcareous soils, and in the past the causes have been variously attributed to lack of 
non-availability of manganese, and the antagonistic effect of high calcium levels on potas- 
sium uptake. Ingestad’s studies are of considerable interest and value in demonstrating that 
manganese deficiency can be a key factor in chlorosis of forest trees on calcareous soil. The 
records of crop responses to foliar spraying and stem injection with manganese solutions 
are most striking. The work could be criticized for omission of any investigation of nitrogen 
and potassium dressings which could have an important direct effect, as well as an indirect 
effect influencing trace-element nutrition. However, the paper is concerned with reporting 
interim results and future work will probably cover these points. 
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Perrsa Mixota. ‘Liberation of Nitrogen from Alder Leaf Litter.’ Acta Forestalia 
Fennica, |xvii. 1. Helsinki, 1959. 
Review by T. H. Owen 


‘> IIS short paper describes experiments carried out at the Korkeakoski Forestry Station 
of Helsinki University, in 1953-6, to compare different litters from the standpoint of 
their value as soil fertilizers. 

The experimental work consisted of growing Scots pine seedlings in pot cultures in which 
calculated amounts of different litters had been mixed with a sandy loam subsoil containing 
practically no humus. The pots were sunk in a nursery bed, weeded and watered when 
necessary, and the growth of the seedlings recorded after 2 and 3 years. 

The litters from about a dozen common trees, including birch, lime, sycamore, pine, 
larch, as well as 4/nus glutinosa and A. incana, were collected in autumn, dried and ground 
finely, and then added to the soil. The pH, ash, and nitrogen contents of the litters were 
determined. At the age of 2 years in one experiment and 3 years in the others, the growth 
of the pine seedlings were assessed in terms of height, number of needle pairs, needle length, 
shoot weight, and root weight. 

In this paper the author records that litter has little effect on growth in the first summer, 
but has a marked effect in subsequent years. All the litters used, with the exception of the 
two alders, had a harmful effect on seedling growth. He attributes this mainly to the nitro- 
gen content of the litter—the lower the nitrogen content, the poorer is the growth of the 
he 


le 


seedlings—and suggests that if the nitrogen content of litter falls below 1-5 per cent. t 
litter is harmful. Both alders have a nitrogen content of over 2-5 per cent. and are favoural 
to se edling growth. 

The author draws two practical conclusions from his work. Firstly, that when forest 
litter is used as a compost in the nursery it must be augmented with added nitrogen; and 
secondly that alder, although a commercially worthless tree (in Finland), may be of great 
value as a soil improver. Foresters in this country will endorse the latter conclusion, but 
unfortunately on our poorer sites, particularly peat lands where any improvement in fer- 
tility would be welcomed, the experiments carried out by the Forestry Commission indi- 
cated that there is no prospect of establishing alders as a forest nurse crop. The suggestion 


that forest litter, when used alone as a compost, is harmful to seedling growth is not sup- 


ported by the results obtained with the Dunemann system of nursery propagation, wl 
excellent seedlings have been produced in a bed of coniferous litter. 

This paper describes an interesting investigation into one small aspect of soil fertility 
but a great deal of research into this complex problem is required before firm conclusions 


can be drawn. 


Seppo Ervasti. ‘Changes in the Price Ratios of Sawn Softwood sold by Finland 
in 1932-38 and 1951-56.’ Acta Forestalia Fennica, \xvii. Helsinki, 1959. 

Seppo Ervasti. ‘On the Seasonal and Business Cycle Fluctuations of Finnish 
Sawn Softwood Sales in 1951-58.’ Acta Forestalia Fennica, \xviii. Helsinki, 
19S$9. 


Review by J. J. MacGrecor 


M' IST of the articles appearing in Acta Forestalia Fennica have the merit of having a 
L full summary and table headings in English. The above articles which have appeared 
in the last two issues could be conveniently discussed together since with the help of 
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statistical analysis they draw attention to certain features of the Finnish export trade in soft- 
woods. They serve to show just how complex some of the price relationships and influences 
seem to be. 

The purpose of the first investigation was to determine the price ratios and the factors 
influencing them by different tree species, timber sizes and qualities, of shippers in different 
regions, and by different countries, and their price trends. Usually in selling transactions 
the pricing of specifications and the type of timber follow a certain formula or price scale 
which is not fixed. It is thus claimed that the results of the investigation could 
guide for sawing and for the preparation of the price scales themselves. 

The data cover sales of unplaned long sawn softwood, mainly u/s and fifth qualities, t 
the United Kingdom, the Netherlands, and Belgium. The statistical treatment involved 
weighting and correlation and regression analyses. Main principles generally observed in the 
pricing of sawn goods are described along with some deficiencies of the procedure. The 
u/s pine goods from north Finland obtained the highest prices, and were sawn from close 
grained logs with plenty of heartwood and branchless sapwood. In the post-war period of 
controls the differentials were smaller than at other times examined. At this time there was 
a high demand, and consequently less attention was paid to quality and type of timber. 
Although the relative differences had grown since 1948 they had not risen to the pre-war 
levels. Since that time, however, the quality of the different regions’ shipments had 


equalized, and sorting had become standardized. With the increase in the basic price the 


relative price differences between shippers diminished. Prices of u/s spruce goods on the 
other hand differed very little with different shippers. In North Finland the difference 
between pine and spruce was greatest. During prosperity the price differences were rela 
tively narrower as then more spruce goods were bought and the competition of the wood 
pulp industry for spruce was very pronounced. The post-war price controls also tended to 


make the species differentials disappear almost completely although here scarcity may have 


been the decisive factor. The price differentials for fifths was smaller than for unsorted 


timber. The results for this and for previous investigations show no trend in the price ratios 
of the tree species—at least not since the 1920’s. With spruce the relative difference of the 
qualities is smaller than for pine goods, due to the poorer technical properties of spruce and 
the different grading of the tree species. For both species the relative price differences 
diminished with the increase in the basic price. 

There was a distinct positive correlation between the price index for sixths and the 
basic price. Price differences of the qualities perhaps narrowed slightly for battens, but for 
boards they increased distinctly; prices of sixths advanced compared with those of better 
qualities—movements attributable to changes in the use of different qualities and, possibly, 
to the use of sawmill waste for the chemical pulp industry. 

For unsorted pine goods the broadest sizes showed the highest price increase. During 
the post-war control period there was a reduction of relative price differences associated 
with width but recently the narrow sizes (3-6 inches) have increased at a very much higher 
relative price than pre-war—probably because of rising wages—-a feature which in the buy- 
ing countries has reduced resawing. 

With advances in the basic price the relative price differences between boards and 
battens increased distinctly. It is thought that the special attention which buyers and 
sellers pay to the basic price (7 inch battens) may be an explanation why these may be more 
resistant to market fluctuations than the prices of the other sizes. The price differences 
between battens and boards were much smaller for spruce than for pine. Owing to the 
differences in grading, the u/s percentage does not decrease in the sawing of spruce to the 
same extent as with pine on moving to broad sizes—and this affects costs and supply 
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Central European timber which competed with Finnish spruce was generally broad. Sawn 
timber does not appear to be treated as ‘mass goods’ so much as before and is being valued 
to an increasing extent according to specific utilization and to preparation and handling 
costs. Details of the measurements of relative prices for different sizes are given over the 
period. Since 1911-12 the prices of the u/s board sizes of both tree species have increased 
more than those for thicker goods. Some of the developments are attributed to changes 
mainly since the war in the sawing method, in the logging, and to stricter grading and to 
sawing costs and in their more correct appreciation in connexion with sales. The effect of 
the trends on cyclical changes has been so slight that there is no reason to eliminate them 

On the whole there was little difference, usually 1 or 2 per cent., in the prices paid 
between Britain, Belgium, and Holland. The Belgian prices for u/s pine were higher because 
it was especially in the thin sizes that the strict grading demanded had effect. 

Export sales are also the subject of the second investigation which examines different 
kinds and qualities of timber, sizes, and the seasonality of the sales. Ordinary correlati mn 
analysis was used to determine the interdependence of the monthly sales volume and the 
price, and to determine the interdependence between the opening sales and the total sales 
volume for the year. 

Among the main results of the study were: a slight negative correlation (—0-27) has pre- 
vailed between the sale price and the monthly sales volume—goods sold at under-average 
prices were more abundant than goods sold at above-average prices. It was felt that as the 
negative correlation was so small it need not be regarded as a common phenomenon. How- 
ever far annual sales values rose and fell with prices a distinct positive correlation existed 
between the opening sales and the total sales quantity for the year. Sales were distinctly 
seasonal and were at a maximum between November and January and at a minimum 
between March and September—with a temporary increase between May and July. At 
opening sales the spruce sawnwood sales have generally been relatively smaller than pine 
sales. The poorer qualities have been a smaller proportion in the opening sales which in- 
cluded relatively large quantities of boards and broad sizes (except deals). An under average 


volume of broad sizes remained for disposal in clearance sales 


Vitjo Horoparnen. “The Concept of a Roundwood Price Level and its Determina- 


tion in Forestry.’ Acta Forestalia Fennica, \xviii. Helsinki, 1959. 
Review by |. Ve MacGrecor 


HEREAS the author points out that the price level of roundwood is a widely used 

and important concept in forestry and its determination is one of the most important 
tasks of forest statistics, there are many difficulties which prevent straightforward annual 
comparisons. Dr. Holopainen claims that too little attention has been paid to the use of 
scientifically acceptable methods of price measurements and lists systematically the main 
problems. These include the many different categories and, within categories, differences 
due to species, quality, and size; different units of measurement, degree of barking, an 
different lengths; the range of prices due to accessibility; size of parcel; stumpage and 
delivery prices; and the physical factors like density of the trees, and terrain having a bearing 
on costs. 

It is stressed that all the factors cannot be taken into account as they are not always 
sufficiently well known. Much of the article is concerned with ensuring in an index number 
that like is compared with like—on the lines which were described in the article on ‘Pre 
paration of Index Numbers’ appearing in vol. xxxti, No. 1, 1959, of Forestry. Some 
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scientists had been pessimistic about the possibility of establishing a roundwood price- 
reporting system for stumpage prices. Yet in Finland, where roundwood was one of the most 
important internal markets, the statistics were essential and it was only a question of how 
such statistics could be compiled at a reasonable cost to satisfy the demands of precision. 
The minimum requirements appeared to be to show roundwood prices by categories and 
species, with the same unit of measurement, with stumpage and delivered prices shown 
separately and delivered prices for certain degrees of primary conversion and at certain 
stages of delivery. Requirements would vary greatly in different countries. 

In the determination of regional price levels the investigation adopted for 1,227 holdings 
stratified sampling with variable sampling fractions. Sample units in each strata were 
selected at random. Average prices were calculated for softwood sawlogs, spruce and pine 
pulpwood and pitprops, and for birch fuelwood. 

Details of the construction of the price index for each separate category and for the 
general index of roundwood prices are given, and these are also shown as equations. It is 
recognized that individual index numbers have to be calculated for specific functions, e.g 
from the standpoint of the wood industry as a whole or from the point of view of the forest 
owners. 

The problem of eliminating certain influences such as decreased costs due to improved 
communications, or the effect of more intensive felling techniques or decrease in proportion 
of sales sold at stump would be very difficult and it is preferable for the average price ot 
different assortments to be computed for an entire region without any artificial restrictions 


4 


In any case it is not quite clear why the author should wish to eliminate such influer 
from price indices which presumably are intended, at least for some purposes, to 1 
the composite effect of the supply and demand conditions. 


W. H. Henpricxson and J. P. Viré. “The pattern of water conduction and 
tracheidal alignment in Douglas-Fir.’? Contributions from Boyce Thompson 


Institute, xx, 1960, pp. 353-61. 
Review by L. Cnarx 
HE avowed purpose of this investigation was to obtain more detailed informatio: 


is at present available on the path by which the sap ascends from the roots to the 
but the discussion centres mainly on changes in the angle and direction of spiral 
different parts of the stem. The angle of the tracheids in relation to the axis of the stem was 
studied mainly by tracing the passage of a dye (Acid Fuchsin) injected into the lower part 
of the stem, but observations were also made on the surface checking of over 100 sawmill 
logs. 

It is claimed that all the trees showed the same general pattern and that tracheid direc 
tion was more or less predictable for wood of various ages. It is, however, difficult to discover 
from the text what this pattern is. The illustrations show clearly that the path of the dye 
is usually confined to a narrow radial strip above the boring introducing the dye and that 
this narrow strip swings to one side or the other of the vertical at different depths inwards 
from the bark. This swing may be regular and progressive or may be reversed. 

It appears to be assumed that the whole cambium is twisted spirally round the stem— 
and presumably back again. This is quite contrary to the conclusions reached by J. H 
Priestley (4m. 7. Bot. 1945), who stressed the difference between hardwoods and softwoods 
in this respect and showed that in softwoods the fusiform initials (and the rays) retain their 


relative positions vertically and merely ‘tilt’ about their own axes. This behaviour, which 
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has been confirmed by the writer in Douglas fir, makes it difficult to accept the validity of 
statements such as ‘Having a right deviation of fibres at the time of release, the tracheidal 
conduits thereafter increased the speed with which they moved right’. 

If one assumes that water passes from one tracheid to another via the numerous bordered 


he 


pits on the radial walls, it is conceivable that it might move vertically, even though t 
tracheids are at an angle. It is interesting, therefore, to find that this is not so and that the 
water column is diverted by the inclination of the cells. It does not necessarily follow, how- 


ever, that the path of the water gives an accurate measure of the inclination of the cells 


The New Forest. Galley Press, London, 1960. Pp. x 4- 201, with 26 half-tone 
plates, 14 line drawings in the text, and 3 maps. Price 30s. net. 


Review by N. V. Brasnert 
, YHIS is a symposium in popular style which, as the Earl of Radnor says in a Foreword, 


‘provides well-informed accounts of the many subjects of interest to visitors, all 
written by wledgeable local people’. Eleven chapters cover the history of the area (Dr. 
Gordon Copley); the g gy and flora (Brig. F. E. W. Venning) with a separate one on 
herbs by J. de B. Levy; the wild mammals (O. Hook); the birds (E. Cohen); the Commoners 


their rights an ngs, and their ponies (both by Sir Berkeley Pigott); forest m 


\ é i. - 9 
and silviculture ( lin); walking in the forest (W. R. Myers); the gypsies ( 
Berlin); and Beaulieu Abbey and its estate from Cistercian foundation to jazz festivals 
(H. Widnell). 

The contributions are naturally somewhat uneven in value, but, in general, are informa- 
tive, interesting, and accurate. The allocation of space, however, is rather curious. ‘Beaulieu 
Abbey and its Estate, with some Forest Phantoms’ has nearly twice as many pages as most 
of the other chapters. Forestry has only half a page more than gypsies, and birds the same 
space as a herb il (‘Solomon’s seal (Polygonatum multiflorum) is another hair reme dy, making 
hair grow on the bald places’, &c.). 

Edlin has used hi ixteen pages to exc ellent effect in desi ribing the management ot the 

to suit the changing needs of nine hundred years, the 

ome of the outstanding persor ilities among those who } 
held the p ity Surveyor. His spectacles may be slightly rose-coloured, but that is 
fair enough in ¢ f this nature. One of the interesting developments he mentions is the 
start being made on regenerating open forest in scattered, temporary inclosures of not 
more than twenty acres each, partly by natural seeding and partly by planting. It was not 


until 1949 that the opposition of those who believe that moribund trees beneath which 


, deer, and rabbits are free to browse, can maintain their ‘ancient and ornamental’ 
ion indefinitely, was overcome. 

The total area within the perambulation at October 1959 is given as 144°47 square miles 

of which some 42 square miles were privately owned. The inclosed and inclosable woods 


covered 33 square miles, the open woodlands g-4 and the heath and lawns §8 square miles 


The balance consists of Forestry Commission residential and agricultural property. ‘The 


question of how much land could be inclosed for timber growing has always been a vexed 
one. In 1698 it was fixed at 6,000 acres and in 1877 increased to 18,000 acres of which not 
more than 16,000 could be inclosed at any one time. The Act of 1949 allowed the Verderers 
to authorize the selection of further areas not exceeding $,000 acres, and to date 2,00§ acres 
are being afforested under this. The 19,580 acres inclosed at present include nearly 1,500 


acres of Crown freehold and leasehold. 
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A table in Sir Berkeley Pigott’s text gives the numbers of the commoners’ ponies, cattle, 
donkeys, and pigs killed and injured on the roads within and around the forest in each of 
the years 1956-9, and the numbers of cars, lorries, motor bicycles, and railway engines 
(one, presumably on a track) involved. There were 306 commoners who exercised the rights 
of pasture and 30 others who turned out animals under licences from the Verderers. They 
depastured an average of 4,462 animals a year, and the average number of accidents was 
253. Nearly 12 per cent. of the ponies caused accidents, but only 3 per cent. of the cattle 
donkeys were let loose each year; fortunately because 5 a year were 


Fortunately only 13 
‘| 
h 


I 
killed or injured. The human casualties and the value of the damage done to vehicles are 
not stated, but it is obvious that ancient rights and modern traffic do not go well together. 
Neither is it very encouraging to read that ‘there are fewer accidents where there is an 
inclosure fence on one side (of the road) and fewer still where both are fenced’. 

The photographs used are excellent and there is a good sketch-map of the forest showing 
the perambulation, inclosures, roads, and streams. Another gives the distribution of the 
four species of deer, roe, fallow, sika, and red, while a third indicates the sites of accidents 


involving commonable animals in 19§9. 


NOTICE 


Cyrit KE. Hart. Home-Grown Timber Prices and Forestry Costings. Obtainable 
from the author, Chenies, Coleford, Gloucestershire. 1959. 55. post free 


( feeling D in the first place for students taking forestry at the Royal Agricultural 


‘ollege, Cirencester, the prices relate to 195¢ and will be found very usef 
Coll Cc ter, the | late to 1959-60 and } 
a guide particularly in the West Midlands. Prices are given for larch, for the princi 
hardwoods, for turnery poles, for pitwood, for minor forest produce, and for saw timbe 
There are estimated costs for various forest works, prices for nursery plants, and a note o1 
’ v | ’ 


woodlands as an investment, and on estate duty. 





OBITUARY 
E. P. STEBBING 


DWARD PERCY STEBBING was born in 1870, the second son of Edward 
Charles Stebbing and grandson of the Rev. Henry Stebbing, D.D., F.R.S. 
He was educated at St. Paul’s School. 

The death of Emeritus Professor Stebbing at the age of go years severs one of 
the last links with the historic and famous Royal Indian Engineering College, 
Cooper’s Hill, at which, under Schlich, he obtained his diploma in 1893. This was 
at a time when a number of young students were being trained, some later to become 
famous in the various services in many spheres, as well as in India and Burma; 
Stebbing and Troup indeed overlapped, and some 35 years ago there was an in- 
teresting photograph which included both at Herrenwies in the Black Forest, taken 
presumably in 1893, on the occasion of a visit by the Cooper’s Hill forestry students 
to Schénmiinzach. This was another age in forestry education, succeeding the 
training of still earlier Indian Forest Service men in Germany and in France and 
preceding the opening of the School of Forestry at Oxford, under Schlich, 
fifteen years later. 

At Cooper’s Hill he was awarded the prize for Forest Entomology in 1892, which 
was later to influence his career, and a year later completed his training. He was 
appointed to the Indian Forest Service in 1893 as Assistant Conservator of Forests. 

After a period of initiation and of forest administration in the forests of India, 
recalled nostalgically by Stebbing, he was promoted to Deputy Conservator of 
Forests in 1900. His interest in entomology led to his being Forest Entomologist 
in 1901-2 and from 1904 to 1906. He was acting Superintendent of the Indian 
Museum, Calcutta, in 1903 and was Forest Zoologist to the Government of 
India and Member of the Imperial Forest Research Institute and College from 
1906 to 1909. His 17 years in India created an undying affection for it and for its 
forests. His service, including the 3 years at the Forest Research Institute, pre- 


pared him for his long years to come of forestry education and of administration 


at Edinburgh. 

Stebbing was appointed lecturer and head of the Forestry Department of the 
University of Edinburgh in 1910 and, as he said, he was required to start in a very 
humble way in a basement room in the Old Quadrangle. His first graduate, the 
late J. Lyford-Pike, obtained his degree in 1912, and, before 1914, Edinburgh 
forestry graduates were being appointed to forest services. It says much for 
Stebbing that during that difficult decade, with valuable help from the Royal 
Scottish Forestry Society, and from other sources, he obtained part of the present 
accommodation of the Forestry Department at George Square and also additional 
staff. In 1920, when the Chair was created, he was appointed Professor of Forestry. 
He held the Chair until 1951 after 41 years of service to the University of which 
he was, finally, senior professor. 
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During the First World War Stebbing was on active service in Macedonia in 
1916 and later in France in 1917, as a University Extension Lecturer; in that year, 
too, he was a member of a mission to Russia. He was honoured with the Serbian 
orders of St. Sava and White Eagle. 

In 1918 Stebbing was in the forestry saddle again, ready to start his post-war 
drive in training forest officers for India, Burma, the Dominions, the Colonial 
Forest Service, and later for the Forestry Commission; it is probable that this was 
the sequence of priority he recognized at that time. From 1919 onwards relatively 
large numbers of qualified foresters were appointed to these services; none could 
have been more assiduous than Stebbing in assisting graduates to obtain appoint- 
ments. Stebbing, his staff and the associated members of other scientific depart- 
ments of the University had, albeit indirectly, a considerable impact on the forest 
services in India, Pakistan, Burma, the Colonies, and, to a lesser extent, in the 
Dominions; some of his graduates were to give invaluable service to the Forestry 
Commission and to reach high rank therein, while others were to give their ser- 
vices to the four University Schools of Forestry in Britain. Stebbing was, of course, 
first and foremost an I.F.S. man and it is to be regretted that he had a lesser 
interest in practical British forestry. 

Stebbing was a great traveller. He revisited India and toured in Burma in 1926; 
he visited British and French West Africa in 1934 and returned across the Sahara 
to Oran and Marseilles; he also visited the Sudan in 1947. He attended the World 
Forestry Congress in Rome in 1926, in Budapest in 1935, and in Helsinki in 1949, 
while he also paid a visit to America in 1950. 

Stebbing in his time received a number of honours; in 1923 and again in 1926 
he was Silver Medallist of the Royal Society of Arts; then in 1948 he was elected 
an Honorary Member of the Society of American Foresters and two years later 
went on practically a week-end’s visit to America, travelling by plane to attend, 
by special invitation, the golden anniversary of that society. In 1951 came two 
honours which greatly pleased him; he was awarded the Croix de Chevalier de la 
Légion D’Honneur, after 30 years of association with the Service des Eaux et 
Foréts and the renowned forest of Trongais, in which, to his great pride, one of 
the famous oaks was preserved and named in his honour, the Chéne FE. P. Stebbing; 
this honour had not previously been awarded to a foreign forester. He still visited 
the forest of Trongais at the age of 87, itself showing the spirit of the man. 

Stebbing was a copious note-taker and a prolific writer. He was editor of the 
Indian Forester from 1903 to 1907 and produced works on entomology and zoology 
from 1899 to 1909. His other publications covered a most catholic selection of 
subjects—on forestry, travel, India, Serbia, Russia, West Africa, the threat of the 
Sahara, intermittent rainfall, water supplies, and erosion. His magnum opus was, 
of course, the Forests of India of which three volumes were produced between 
1921 and 1926 and he was writing a further volume during his retirement. He 
wrote, too, on forestry research in India, Great Britain, the Dominions, and the 


Colonies; he also contributed widely to the Press. 


Stebbing was a person of great vitality. Few foresters have been so long on the 
active list and he was still full of enthusiasm in his retirement when, as he remarked, 
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he rode in the mornings and wrote on India in the afternoons. His interest in 
horses and love of riding remained with him to the end. He was a difficult person 
to know and sometimes to understand; he had a certain shyness, too, which held 
him aloof from many, yet those who came to know him could enjoy the man, his 
ways, and his stories of India and famous, sometimes legendary, I.F.$. men such 
as Colonel Pearson. Generations of foresters who got to know Stebbing came to 
regard him with respect and admiration. 

Stebbing married, in 1907, Maud Evelyn, daughter of Col. W. T. Brown of the 
Indian Army. His wife, who died in 1950, was an enthusiastic gardener and wrote 
and advised on landscape gardening. ‘They are survived by their only son. 


W. A. F. 


THE HON. MAYNARD GREVILLE 


HE death of Maynard Greville after an accident in his arboretum on 23rd Feb- 

ruary leaves the tree-world a duller place. An early career in crime-reporting 
and motor racing seemed unlikely to lead to silviculture but fortunately Maynard 
had so much character as to be slightly eccentric and to do the unexpected. He 
became interested in trees when a nearby aerodrome which had been requisitioned 
during the war was returned to him. Most of the big trees on the area had been 
removed. He wanted to replace them and realized he would not see the new plants 
reach great size so he set out to study and photograph big trees that had survived 
there or were growing elsewhere. 

This he did with characteristic vigour, combining visits to more distant estates 
and famous trees with an intensive survey of his own area from Ordnance Survey 
maps and old parish maps. His survey of Essex, Cambridge, Hertfordshire, and 
Suffolk was so successful that a quite disproportionate number of the biggest 
broadleaved specimen trees known to us are within 30 miles of Dunmow. Later 
he would take maps and his bicycle to other centres and work from these equally 
intensively. His two favourite areas were in North Kent and in Berkshire, whilst 
another speciality was outer London, on whose surprising wealth of rare trees he 
gave broadcast talks. Maynard Greville built up a remarkable collection of photo 
graphs especially of big oaks, elms, and beeches. Each estate he visited was written 


up with a full list of the trees measured, and a species list was cross-referenced to 


these estates and records. He and I exchanged all our separate finds half-yearly, and 
our notes, together with his photographs, were to be the basis of a book on big, 
famous, and rare specimen trees. It is still hoped that this will be published. He 
was particulary interested in broadleaved trees and preferred them without their 
leaves, when what he called their architecture could be admired, whereas he 
admitted he had little eye for or interest in flowers, even the flowers of trees. He 
became an authority on those complex groups, oaks and elms, and had a special 
interest in the Lucombe Oak. 

By 1957 Maynard’s enthusiasm for trees was so great, he no longer worried 


about seeing his own reach large sizes, and he planned a large and comprehensive 
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collection mainly of broadleaved trees for the old gardens of Easton Lodge. In the 
following year he was able to devote a fund of money to this, and was fortunate in 


obtaining the services of a young forester of great enthusiasm and energy, Henry 


Girling. ‘Together they scoured the nurseries of southern England, and through 
these, of Holland, and assembled an extraordinary collection of plants—especially 
of the odd or rare species in which Maynard delighted. Almost alone, too, they 
cleared acres of tangle and scrub at Easton Lodge and planted the trees. It is 
tragic that his death should occur in the first year that large-scale planting was 
done, with hundreds of fine specimens carefully staked and labelled and hundreds 
more on order. 

Maynard Greville was widely known on estates he had visited as ‘the bearded 
gentleman on the bicycle’. He covered enormous distances on his many bicycles, 
assembled from the best components obtained from different parts of Europe, and 
claimed that cycling was the best mode of travel because trees could be observed 
at the same time. Interesting trees he found were the more appreciated if they had 
been spotted in this manner. 

It is a very sad thought that we shall no more know the excitement of meeting 
Maynard Greville—whether he should have his beard or not (for it came and went 
as he felt), and what new-found specimens he would be extolling, and if any would 
come into his highest category, that of ‘magnificent vegetable’. 

He is survived by his daughter, Mrs. Spurrier. 


E. V. LAING, M.A., D.Sc. 


DR. E. V. LAING, Reader in Forestryin Aberdeen University, died on 15th June 
1960. He was one of the first two graduates in forestry at Aberdeen, and had been 
a member of the staff of the Forestry Department since 1923. 

He was a versatile scientist, but his principal interest during the past twenty 
years has been in taxonomy, mainly, but by no means exclusively, of conifers. He 
gave generously of his time in helping others in that field. Earlier he had carried 
out research on tree roots in general and in mycorrhiza in particular; he was the 
author of the Forestry Commission Bulletin No. 13 on “Tree Roots’ which is still 
consulted regularly. When visiting Aberdeen in 1956, Professor Erik Bjorkman, 
well known for his work on mycorrhiza, mentioned that he had first become 
interested in this subject through reading that bulletin. 

Dr. Laing was editor of the Journal of the Royal Scottish Forestry Soctety for 
twenty years until 1951 and served on the Council of the Society of Foresters 
some thirty years ago. His death is a serious loss to forestry and to his University 


H. M.S 
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Vachinery Exhibition. A successful display of modern forest machinery sponsored 
the Forestry Commission was held on the Yorkshire Agricultural Society Showground 
Harrogate on the 4th and §th of May 1960. Over 1 irms staged exhibits, whicl 
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